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(54) ORGANIC ELECTROLUMINESCENT ELEMETTr AND ORGANIC ELECTROLUMINESCENT 
DISPLAY 



(57) Disclosed is an organic electroluminescence 
element comprising a substrate, arxj a lower electrode 
2, an organic layer 3 and a counter electrode 4 super- 
posed on the substrate In the mentioned order, the 
tower electrode having a specific resistance which Is 
equal to or more than 0.5 x iO'^Ci • cm. the lower elec- 
trode 2 being connected to a wiring . layer 5, the wiring 
layer 5 being Implanted in a planarization layer 6 inter- 
posed between the substrate 1 and the kiwer electrode 



2 or in the substrate 1. 

The present Invention provides the organic electro- 
luminescence element arxJ an organic EL display 
device, capable of reducing the resistance value of the 
lower electrode and eliminating steps attributable to the 
wiring layer to prevent a possible breakage in the coun- 
ter electrode, as well as capat)le of preventing the 
occurrence of cross talk. 
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Description 
TECHNICAL. FIELD 

5 The present invention relates generally to an organic electroluminescence element (hereinafter, may be abbro^- 
ated as organic EL element) and an organic EL display device. More particularly, the invention relates to an organic EL 
element and an orgartic EL display device suitable for use nnalnly in various displays for Information industry equipment, 
free from any delay in response upon the drive which may be caused by the voltage drop attributable to wirings or by 
the resistance of electrodes. 

10 

BACKGROUND ART 

An organic EL element consists basically of a lower electrode, an organic luminescent layer and a counter elec- 
troda Then, the lower electrodes and the counter electrodes are matrixed so that pixels are formed at their intersec- 
IS ttons, with the result that a display can be formed by a plurality of arrays of pixels. 

By the way. recent display devices utilizing the organic EL elements have a tendency toward high definition and 
large size. Thus. In order to realize the Ngh definition, it is desired that the pixel size should be equal to or less than 
several hundreds of micron square. In this case, scanning electrode tines and signal electrode lines constituting a dis- 
play become finer, and accordingly the resistance may possibly go ip to several KO or more. The high definition display 
20 has more than 100 scanning electrode lines and more than 100 signal electrode lines. In this case, the duty must be 
achieved with a pulse number which is equal to the redprocai of the number of scanning electrode lines, so that a high 
current pulse flows aaoss the scanning electrode linea At that time, there arose a problem that a high resistance of the 
scanning electrode lines or signal electrode lines might cause a voltage drop attributable to the wiring or a delay in 
response upon the drive attributable to the electrode resistance: That is. the voltage drop resulted in uneven luminance 
25 Of the display, whereas the delay in response upon the drive resulted in a restriction of display since the delay may make 
it difficult to provide a fast moving picture in case of the fabrication of a high definition display 
To overcome such problems, the following organic EL elements are for exanple proposed. 
Japanese Patent Laid-open Pub. No. Hei4-82197 discloses an organic EL element having a transparent electrode 
connected to a metal line to reduce the resistance of the transparent electrode. 
30 Japanese Patent Laid-open Pub. No. HeiS-307997 discloses an organic EL element also having a transparem elec- 
trode on which is disposed a metal with a small work function to reduce the resistance of the transparent electrode. 

Japanese Patent Pub. No. Hei5-761 55 discloses an example of use of an auxiliary metal film in the EL element. An 
insulating film Is disposed especially on the auxiliary metal film to prevem a dielectric breakdown. 

However, the organic EL elements disclosed in Japanese Patent Laki-cpen PiA). Nos. Hei4-82197 and Heis- 
ts 307997 suffered from a problem that steps formed by the auxiliary metal wire might often break the counter electrode 
to cause any display defect. Furthemnore. because of the injection of infinitesimal electric charges from the metal wiring 
into the organic layer of the organic EL element e.g.. a hole injection layer, the socalled cross talk often occurred. 

An inorganic EL element disclosed in Japanese Patent Pub. No. Hei5-76155 also entailed a problem that some 
steps were caused by the thickness of the auxiliary metal film and the insulating film, resulting in frequent occurrence 
40 of breakage in the counter electrode. 

The present invention was conceived in view of the above prot)lems. It is therefore the object of the present inven- 
tion to provkle an organic EL element capable of reducing the resistance value of the transparem electrode (lower elec- 
trode) and eliminating steps attributable to the wiring layer to prevent a possible breakage in the counter electrode as 
well as capable of preventing the occunence of the aoss talk 
45 It is another object of the present invention to provide, for use as a high definition and large size display device, an 
organic EL display da/ice using the organic EL element having the above characteristics, capable of signif k;antly reduc- 
ing the resistarv^e value of the scanning electrode lines to achieve a uniform luminescence. 

DISCLOSURE OF THE INVENTION 

so 

As a result of wholehearted research to solve the above problems, the Invemors found out that the above problems 
could be solved by introdudng specific configurations into the organic EL element TTie presem invention was com- 
pleted on the basis of such viewpoint 

The gists ol the present invention are as follows. 

55 

[1] An organic electroluminescence element comprising a substrate and thereon superposed in the mentioned 
' order a lower electrode, an organic layer including an organic luminescent layer, and a counter electrode; the lower 
electrode having a specific resistance which is equal to or more than 0.5 x 10*^0 • cm. the lower electrode con- 
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necting to a wiring layer for reducing the resistance vaJue. the wiring layer being implanted In a planarization layer 
interposed between the substrate and the lower electrode or in the substrate. 

[2] The organic electroluntihescence element according to [1], wherein the wiring layer is inplanted in the planari- 
zation layer interposed between the substrate and the lower electrode or in the sut>strate and is covered with the 
lower electrode. 

[3] An organic etectrolun^nescence element comprising a substrate and thereon superposed in the mentioned 
order a tower electrode, an organic layer including an organic luminescent layer, and a counter electrode; the lower 
electrode having a specific resistance which is equal to or more than 0.5 x ^Q'^a, • cm. the lower electrode con- 
necting to a wiring layer for reducing the resistance value, the wiring layer being covered with a flattened interiayer 
insulating film interposed between the wiring layer and the organic layer including an organic luminescent layer. 

(4] The organic electroluminescence element according to any one of [1] to [3]. wherein the lower electrode Is a 
transparent electrode. 

[5] The organic electroluminescence element according to any one of [1] to [3], wherein the planarization layer or 
the interiayer insulating film is an oxide film obtained by oxidizing the surface of a metal film forming the wiring layer. 

(61 The organic electroluminescence element according to (3]. wherein the interlctyer insulating film has a trapezoi- 
dal (tapered) section. 

[7] The organic electroluminescence element according to any one of [1] ti [3], wherein the lower electrode and the 
counter electrode form an XY matrix. 

[8] TTie organic electroluminescence element according to any one of [1] to [3], wherein the wiring layer reduces 
the resistance value of an electrode line to 5 kQ or below. 

[9] The organic electroluminescence element according to [7], wherein the XY matrix formed from the lower elec- 
trode and the counter electrode is a double, triple or quadruple matrix. 

[10] An organic electroluminescence element comprising a substrate and thereon superposed in the mentioned 
order a lower electrode, an organic layer including an organic luminescent layer, and a counter electrode; the lower 
electrode being connected to a wiring layer, the wiring layer having a width which is equal to 20 to 1 50% of the width 
(the length of short side) of the lower electrode, the wiring layer being implanted in a planarization layer interposed 
between the substrate and the tower electroda 

(1 1] The organic electroluminescence element according to [10). wherein the lower electrode and the counter elec* 
trode form an XY matrix. 

[12] The organic electroluminescence element according.to [10] or [1 1], wherein the wiring layer has a resistance 
value for unit length (1 on) which is equal to or less than lOOa 

[13] An organic electroluminescence display dofice comprising a plurality of scanning electrode lines and a plurality 
of signal electrode lines intersecting the plurality of scanning electrode lines, with their intersections being provided 
with luminous pixels in arrays; the luminous pixels being organic electroluminescence elements each comprising a 
substrate and thereon superposed in the mentioned order a lower electrode, an organic layer including an organic 
luminescent layer, and a counter electrode, the scanning electrode lines each comprising the lower electrode and 
a wiring layer connected thereto, the wiring layer being implanted in a planarization layer interposed between the 
substrate and the lower electrode, the signal electrode lines each including the counter electrode. 

[14] An organic electroluminescence display device according to [13], wherein the wiring layer has a width (length 
of the short side) which is equal to 20 to 150% of the width (length of the short side) of the lower electrode. 

[15] The organic electroluminescence display device according to [13] or [14], wherein the wiring layer has a resist- 
ance value for unit length (1 cm) which is equal to or less than 100(1 

[16] An organic electrolunvnescence element comprising a sidastrate and thereon superposed in the mentioned 
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order a lower electrode, an organic layer including an organic luminescent layer, and a counter layer; the element 
comprising a wiring layer connected to the bottom of the lower electrode. wKh a layer formed from a lateral layer 
covering the side of the wiring layer and from the wiring layer being trapezoidal (tapered) in section, the wiring layer 
being isolated by the lower electrode and the lateral layer from the organic layer. 

5 

[1 7) The organic electroluminescence element according to [1 6], wherein the lower electrode and the counter elec- 
trode form an XY matrix. 

[1 B] The organic electroluminescence element according to [16] or [1 7], wherein the lateral layer is made of a mate- 
10 rial selected from a groip consisting of the same material as that of the tower electrode layer, an insulating material, 
and a materia) allowing the amount of the injection of electric charges into the organic layer which is equal to or less 
than 1/ 50 of that of the lower electrode. 

[1 9] An organic electroluminescence display device comprising a plurality of scanning electrode lines and a plurality 
15 of signal electrode lines intersecting the plurality of scanning electrode lines, with their interaections being provided 
with luminous pixels In arrays: the luminous pixels being organic electroluminescence elements each comprising a 
substrate and thereon superposed in the mentioned order a lower electrode, an organic layer including an organic 
luminescent layer, and a counter electrode, the scanning electrode lines each comprising the lower electrode and 
a wiring layer connected to the bottom of the lower electrode, with a layer formed from a lateral layer covering the 
20 side of the wiring layer and from the wiring layer being trapezoidal (tapered) in section, the wiring layer being iso- 
lated from the organic layer by the lower electrode and the lateral layer covering the side of the wiring layer, the sig* 
nal electrode lines each including the counter electrode. 

[20] The organic electroluminescence display device according to [19]. wherein the lateral layer is made of a nmte- 
26 rial selected from a group consisting of the same material as that of the lower electrode layer, an insulating material, 
and a material allowing the amount of the injection of electric charges into the organic layer which is equal to or less 
than 1/ 50 of that of the lower etectroda 

Thus, according to the present inventions as set forth hereinabove, it is possible to provide an organic electrolumi- 
30 nescence element capable of reducing the resistance of the lower electrode and preventing a breakage in the counter 
electrode as well as an oocun^ence of the ao^lled cross talk. 

Furthermore, accoidlng to the present invention. It is possible to provide an organic EL display device capable of 
extremely reducing the resistance value of the scanning electrode lines to achio^e a uniform electroluminescence, for 
use as a high definition and large size display device. 

35 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic sectional view diagrammatically showing an embodiment of an organic electroluminescence 
element in accordance with a first invention; . . 

40 Fig. 2 is a schematic sectional view diagrammatically showing another embodiment of the organic electrolumines- 
cence element in accordance with the first invention; 

Fig. 3 is a schematic sectional view diagrammatically showing an example of a method for forming a wiring layer 
and a planarization layer in the first Invention; 

Fig. 4 is a schematic sectional view diagrammatically showing another exanple of the method for fornting the wiring 
45 layer and the planarization layer in the first invention; 

Rg. 5 is a schematic sectional view diagrammatically shc^g a further example of the method for forming the wir- 
ing layer and the planarization layer In the first invention; 

Rg. 6 is a schenrutic sectional view diagrammatically showing still another example of the method for forming the 
wiring layer and the planarization layer in the first invention; 
so Rg. 7 is a schematic sectional view diagrammatically showing still another example of ttie method for forming the 
vinring layer and the planarization layer In the first Invention; 

Rg. 8 is a schematic sectional view diagrammatically showing an embodiment of an organic electroluminescence 
element in accordance with a second invention; 

Rg. 9 is a schematic sectional view diagrammatically showing a taper angle of an interlayer Insulating film in the 
55 second invention; 

Rg. 10 is a schematic sectional view diagrammatically showing an exanple of a method for fomting the wiring layer 
and the interlayer insulating film in the second invention; 

Rg. 11 is a schematic sectional view diagrammaticalty showing another example of the method for forming the wir- 



4 



EP0 888035A1 



ing layer and the interlayer insulating film in the eecond invention: 

Rg. 12 is a schematic sectional view diagrammaticalty showing a further example of the method for forming the wir- 
ing layer and the interlayer insulating film in the second invention; 

Rg. 13 is a schematic sectional view diagrammatically showing an example of a pattern of the wiring layer and a 
6 tower electrode in the present invention; 

Fig. 14 is a schematic sectional view diagrammaticalty showing another example of the pattern of the wiring layer 
and the lower electrode in the present invention; 

Rg. 1 5 is a schematic sectional view diagrammatically showing a further example of the pattern of the wiring layer 
and the lower electrode in the present invention; 
10 Rg. 1 6 is a schematic sectional view diagrammatically showing an emtxxfiment of an organic electroluminescence 
element in accordance with a third invention; 

Rg. 1 7 is a schematic sectional view diagrammatically showing another emt>odiment of the organic electrolumines- 
cence element in accordance with the third invention: 

Rg. 18 is a schematic sectional view diagrammatically showing a further emtxxiiment of the lower electrode and 
IS the wiring layer in accordance with the third invention; 

Rg. 19 is a schematic sectional view diagrammat'cafly showing stiO another embodiment of the lower electrode and 
the wiring layer in accordance with the third invention; 

Rg. 20 is a schematic sectional view diagrammatically showing a still further embodiment of the lower electrode 
and the wiring layer in accordance with the third invention; 
20 Rg. 21 is a schematic sectional view diagrammatically showing an example of a method for forming the lower elec- 
trode, the wiring layer and the planarization layer in the third invention; 

Rg. 22 is a schematic sectional view diagrammatically showing another example of the method for forming the 
lower electrode, the wiring layer and the planarization layer In the third invention; 

Rg. 23 is a schematic sectional view diagrammaticalty showing a further example of the method for forming the 
25 lower electrode, the wiring layer and the planarization layer in the third invention; 

Rg. 24 is a schematic sectional view diagrammatically showing yet another exanple of the method for forming the 
lower electrode, wiring layer and planarization layer in the third invention; 

Rg. 25 is a schematic sectional view diagrammatically showing an embodiment of an organic electroluminescence 
element in accordance with a fifth invention; 
30 Rg. 26 is a schematic sectional view diagrammatically showing an example of a method for forming the lower elec- 
trode, wiring layer and planarization layer in the fifth invention; 

Rg. 27 is a schematic sectional view diagrammatically showing another example of the method for forming the 
lower electrode, wiring layer and planarization layer in the fifth invention; 

Rg. 28 is a schematic sectional view diagrammatically showing a further example of the method for forming the 
35 lower electrode, wiring layer and planarization layer in the fifth invention; and 

Rg. 29 is a schennatic sectional view diagrammatically showing yet another exanple of the method for forming the 
lower electrode, wiring layer and planarization layer in the fifth invention. 

BEST MODE FOR CARRYING OUT THE INVErfHON 

40 

Embodiments of the present invention will now be described specificaliy with reference to the drawings. 

The present invention is classified imo a first invention to a sixth invention on the basis of their respective aspects. 

t. Rrst Invention 

45 

1 . Basic Mode (Organic EL Element Having Planarization layer: Part 1) 

The first invention relates to an organic electroluminescence element comprising as shc^m in Rg. 1 or 2 a substrate 
1 aruj thereon superposed in the mentioned order a transparent electrode (lower electrode] 2, an organic layer 3 indud- 
so ing an organic luminescent layer (hereinafter, sometimes abbreviated as an organic layer), and a counter elec- 
trode(opposed electrode)4. The lower electrode 2 has a specific resistance which is equal to or more than 0.5 x 10^0 
* cm. A wiring layer 5 for reducing the resistance value of the lower electrode 2 is implanted in a planarization layer 6 
interposed between the substrate 1 and the lower electrode 2 or in the sut)strate. 

Accordingly, tiie wiring layer 5 is not allowed to protrude upward from the lower electrode 2. so that tiiere occur no 
55 steps attributable to tiie wiring layer 5. providing an effective pr^ention against a breakage of the counter electrode 4. 
The wiring layer 5 is electrically connected to the lower electrode 2. although in the present invention the lower elec- 
trode 2 is disposed on top of the wiring layer 5 so as to cover the latter, so that there is no occurrence of a leak current 
arising from a migration of electric charges from this wiring layer 5 imo the organic layer 3, providing an effective pre- 
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vention against a cross talk. 

Another embodiment of the first invention can be configured in a manner illustrated in Fig. 2 for example. 
In this embodiment as shown in Fig. 2. the wiring layer 5 is covered withihe planarization layer 6 in such a manner 
that an electric connect ion between the wiring layer 5 and the Icwer electrode 2 is achieved through a contact hole 7 
5 formed in the planarization layer 6. This embodiment also inhibits the wiring layer 5 from protrucfing upward from the 
lower electrode 2, providing an effective prevention against a breakage of the counter eledrode 4 and against a cross 
talk. 

2. Constituent Elements 

10 

The first Invention will hereinafter be described more specifically on a constituent element basis. 

(1) Lower Electrode 

15 In the present invention, the lower electrode is electrically connected to the wiring layer. Then the wiring layer is 
made of a material having a higher electrical conductivity, so that it Is not essential to use such a material having a 
higher electrical conductivity to make up the lower electrode. 

The lower electrode layer can be either an anode or a cathode. In the case of the anode, use can be made of an 
eiedricaity conductive material such as a metal having a high work function (a work function which is equal to or more 

20 than 4.5 eV) excellent in hole injection properties. A senrticonductor is also available as the anode since the latter can 
have any specific resistance. More specifically, it is preferable to use for example metals such as gold (Au), nickel (Ni). 
palladium (Pd) and platinum (Pt), electrically conductive oxides such as In-SnO. ZnO: Al (a mixture of ZnO and Al 
added thereto) and In-Zn-O, Sn02:Sb (a mixture of SnOg and Sb added thereto), and semiconductors such as a-sili- 
con. potysilicon. a-silicon cart)ide and a-carbon. An organic semiconductor in the form of a full conjugated type.polymer 

25 is also available, r^ore specif icaily, it is preferable to use such polymers as polyanltine, polyallylenevir^ene, pdy- 
thlenyienevinylene. polyacetytene, polypyrroie, etc. 

in the case of the cathode, on the other hand, use can be made of an electrically conductive material such as a 
metal or an alloy having a tow work function (a work function which is equal to or less than 3.9 eV) excellent in electron 
injectk)n properties. A semiconductor is also available as the cathode since the latter can also have any specific resist- 

30 ance. A preferred alloy for use can be one containing a minute amount of alkaline earth metal, alkaline metal or a rare 
earth metal, for example, Al-Li. AI*Mg, Al-Ba, Al-Ca, Al-Sc, Al-Yb, etc. It is also possible to use as the cathode an 
uttrathin f Om (of the order of 20 nm or less) made of alkaline earth metal oxides such as BaO. SrO, MgO, etc. 

Since the lower electrode layer may have a high surface resistance valujB In the present invention, the thickness can 
be reduced, ft Is preferred in this case that the thickness should be equal to or less than 200 nm and in particular 2 to 

95 1 00 nm. In such a case, a continuous layer may not be formed when the thickness is witNn a range 2 to 1 0 nm. As tong 
as the lower electrode layer is in familiar contact with the wiring layer as shown in Fig. 16. however, there arises no 
inconvenience to the operation of the element. On the contmry, a tiiickness larger than 200 nm may result in a breakage 
of the organic layer and the counter electrode in the stepped regions of the tower electrode layer. 

It is to be appreciated in the present invention that the lower electrode can be formed by use of loiown methods. 

40 The lower electrode may be provided for example by forming a film with sputtering arKl thereafter by patterning it with 
photolithography. 

(2) Wiring Layer 

45 The wiring layer in the present invention functions as an auxiliary electric wire for reducing the resistance value of 
the lower electrode. It Is therefore necessary for the wiring layer to have a low resistance value and to be electrically 
connected to the lower electrode. As used herein, 'electrically" means that when a power source is connected to the 
wiring layer and the counter electrode, the wiring layer and the lower electrode are connected with each other so as to 
allow a voltage to be applied to the organic EL element It is therefore preferred that the wiring layer have a low surface 

so ' resistance value since a current supplied to the organic EL element flows ttierethrough. The provision of such a wiring 
layer enables the resistance value of the lower electrode layer to be extremely reduced. 

The wiring layer for use in the present invention is not limited to a particular one as long as it has a low resistance 
value. It is preferable for example to use a metal wire allowing the resistance value of an electrode line (e.g., a signal 
electrode line) reduced by this wiring layer to be equal to or less than 5ka The resistance value exceeding Skn may 

55 possibly cause the inunitormity in ttie luminance of pixels. In the case of performing a TV image display, it is more pre- 
ferred that the resistarrce value should be equal to or less than 1k£I 

In case the length of the signal electrode line is of the order of 10 cm, it is preferred that lOOa or below for unit 
length (per cm) would be ensured. 
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The wiring layer has preferably a spectfic resistance which Is equal to or less than 5 x. 10'^Q • cm. The specific 
resistance exceeding 5 x 10*^0 * cm may not give birth to the effect of reduction in the resistance value by the provision 
of the wiring layer. 

Metals for use In such a wiring layer can be tor exanple a tungsten (W). aluminum (AI). copper (Cu). silver (Ag). 
5 molybdenum (Mo), tantalum (lb), gold (Au), chrorvtium (Cr), titanium (TI), neodymium (Nd) and alloys of these metals. 
The specific examples of these alloys include Mo-W, Ta-W, Tb-Mo, Al-Ta, AITi. A)-Nd and Al-Zr. It is also preferable to 
use compounds of a metal and silicon such as TiSiz, ZrSiz, Hf Sie, VSiz, NbSiz. TaSiz. CrSiz. WSiz. GoSiz. NiSiz. RSi 
and Pd2Si. A layered structure of these metals or silicon compounds may also be employed. 

Table 1 shows the specific resistance of metals suitable for use as the wiring layer used in the present invention. 

w 



Table 1 



IS 



METAL 


SPECIFIC RESIST- 
ANCE (^fi * cm) 


Ai 


3 


Cr 


25 


Ta 


160 


Ta: Mo 


40 


Ti 


84 


Mo:W 


15 


Mo 


53 


AI:Ti 


10 to 30 


Ai:Ta 


10 to 30 




6tOl4 



30 

It is preferred In view of the easiness of formation that the wiring layer should be formed in the state of a metal film 
as described hereinafter. In this case, it nnay be more pretended in order to enhance the film stability that the metal film 
comprise a muKilayered film consisting of two or more layers. This muKlayered film can be fbnned by use of the above 
metals or alloys thereof. For example, a three-layered film may consist of a Ta layer, a Cu layer and a Ta 4ayer, or a Ta 

35 layer, an Al layer and a Ta layer. A two-layered f nm may consist of an AI layer arid a Ta layer, a Cr layer and an Au layer, 
or an Al layer and a Mo layer. 

As used herein, the film stability means that a low specific resistance can be kept and that the f Om has a resistance 
to corrosion caused by e.g., a liquid used for etching. For example, Cu or Ag layer has a low specific resistance by itself 
but is apt to corrode, although the stability of that film can be enhanced by superposing a layer made of a metai excel- 

40 lent in the anticorrosive properties such as Ta. Cr or Mo for example on at least one of the top and bottom thereof. 

The thickness of such a metal film is not particularly limited but is preferably 100 nm to several tens of microns, 
more preferably 200 nm to 5 ^m. The thickness less than 100 nm way result in a larger resistance value, which is 
unsuitable for the wiring layer, whereas the thickness exceeding several tens of microns may result in a difficulty in the 
planarization. which may degrade the performance of the organic layer formed on top of the same. The width (length of 

45 the short side) of the metal film is particularly limited either, although 2 ^m to 1000 )un is preferred and 50 (un to 300 
|im is particulariy preferred. The width less than 2 \un may result in a larger resistance value of the wiring layer, whereas 
the width exceeding 100 (im may interfere with the entisston of the luminescence. 

(3) Planarization layer 

so 

The planarization layer is a layer made of an insulating layer provided for reducing the patterned protrusions in the 
wiring layer. A prefenred degree of flatness is 0.2 ^m or less. A surface roughness is preferably equal to or less than 10 
nm to suppress a generation of a luminous defect. As used herein, the degree of the planarization is the amount of the 
roughness in the wiring layer, which can t>e measured by a prof Hometer. a thickness tester, a scanning interatomic force 
55 microscope or the like. The surface roughness on the other hand is a surface roughness of the planarization layer itself 
and is a mean square value of the surface roughness which can be measured by 500 \im square to 1 mm square. 

The material of the planarization layer for use in the preserrt invention is not particularly limited as long as H has 
insulation properties but preferably has a breakdown voltage which is equal to or more than 2 MV/cm. It is also preferred 



7 



EP0888035A1 



that it have a heat resistance enough to withstand the temperature upon the formation of the lower electrode. The mate- 
rial can be for exanple a transparent polymer, an oxide or a glass, it is preferred that rt be a material allowing etching 
since a fine patterning for e.g., the formation of apertures is required upon the implantation of the wiring layer or ipon 
the fomiation of a contact hole tor electrically connecting the wiring layer and the lower eiectroda 

5 More specifically, preferred examples of the transparent polymer include polyimide, f luorinated polyimide. fluorine 
based resin, potyacrytate. pdyquinoline. polyoxadiazole. polyolefin having a cycPic structure, polyarylate. polycar- 
bonate. polysuKone and ladder polysiloxane. Prefen-ed examples of the oxide as the material allowing etching Include 
Si02. Ai203, TazOs. Si3N4, fluorine added SiOa. MgO. Yb203. fy^ore preferred among the above nr^terials are polyim- 
ide, polyacrytate, glass, etc.. which possess a photosensitivity and enable etching to be performed without using a pho- 

10 toresist. 

The thickness of this layer is not partcuiarly limited as long as K allows implantation of the wiring layer, but prefer- 
ably rt is more than the thickness of the wiring layer and not more than 10 \im. 

(4) Other Constituent Elements 

15 

The organic EL element comprises as Its constituent elements, in addition to the lower electrode, wiring layer and 
planarization layer, the organic layer including the organic luminescent layer, the counter electrode and the substrate. 

In the organic EL element of the presem invention, the organic layer inteiposed between the kjwer electrode and 
the counter electrode includes at least the organic luminescent layer. The organic layer may be a single layer consisting 

20 of only the organic luminescem layer or alternatively it may have a nrujltitayered structure consisting of the organic lunti- 
nescem layer and a hole transport layer, etc.. superposed thereon. The type of the luminescent material for use as the 
organic luminescem layer is not particularly limited and known ones in the conventional organic EL element are availa- 
ble. For example, the material of the organic lununescent layer can be a layer providing the organic EL element in high 
level with an oxine metal complex, a stilbene based dye, and a polyphenylenevinytene derivative. 

25 The counter electrode is an electrode paired with the lower electrode and has electric charges with a polarity oppo- 
site to that of the lower electrode. Then electric charges (holes or electrons) injected from the lower electrode side col- 
lide in the organic luminescem layer with electric charges (electrons or holes) injected from the counter electrode side, 
to generate a luminescence. The thus generated luminescence is emitted from the lower electrode side and/or the 
counter electrode side, although in the present invention the emission is made from the electrode side in case the width 

30 of the wiring layer is within the range of 100 to 150%. In this case, there is a need to enploy a coumer electrode ensur- 
ing a transmittance which Is equal to or more than 30% in the luminous wavelength. Such a material can be one in com- 
mon use for this type of organic electrolunrnnescence elemem. For exanrple, it can be a transparent electrically 
conductive oxide film, an ultrathin metal or alloy film having a thickness which is equal to or less than 20 nm, or a lanv 
inated film consisting of the transparent electrically conductive oxide film and the ultrathin film. 

35 A material of the sU>strate can be one in common use for such a type of orgartic electroluminescence element as 
long as it is excellem in mechanical strength and has a low permeability to water or oxygen. More specifically, it can be 
for example a glass or ceramics. 

3. Method for Forming Wiring Layer and Planarization layer 

40 

A method for forming the wiring layer and the planarization layer is not particularly limited but preferred examples 
of the method are as fbllows. 

(1) Anodizing Method 

45 

This method is a process in which a material making up the wiring layer is used to form a metal film on the 6ut>- 
strate. As shown in Fig. 3(a). a metal film 8 is formed on the substrate 1 until it has a predetermined thickness for the 
wiring layer by use of a knowri film deposition method such as the vapor deposition method, the sputtering method or 
the CVD method. 

50 Then as shown in Fig. 3(b), a photoresist is coated on the metal film 8 and exposed to light so that the photoresist 
9 is positioned at patterned regions faming a wiring layer therein. 

Then as shown in Fig. 3(c). anodizing is used to entirely oxidize the metal film 8 at aperture regions where no pho- 
toresist 9 exists. The thus oxidized metal film 8 serves as a planarization layer 6. 

Finally, as shown In Fig. 3(d), the photoresist 9 is removed to form a wiring layer 5 implanted in the planarization 
55 layer 6. 

It is to be appreciated that it would be impossible to employ this method if no use is waxie of a material such as Al, 
Cr or Ta allowing the anodization. 
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(2) Uft-off Method 

TNs method i& a process in which a metal film l8 formed after the formation of a planarization layer on the substrate. 
In case of using a transparent pdymer as the material of the planarization layer, the film deposition method can be the 
5 spin coating, the coating method, the immersion coating or other methods. In case of using oxides, glass or the like, the 
film deposition method can be the vapor deposition, the sputtering method, the CVD method, the anodizing method or 
other methods. 

As shown in Fig. 4(a). a planarization layer 6 is first formed on a substrate 1. 

Then as shown in Rg. 4(b), a photoresist Is coated on the planarization layer 6 and is exposed to light so that a 
10 photoresist 9 is poalioned at patterned regions forming no wiring layer. 

Then as shown in Rg. 4(c), the photoresist 9 is used as a mask to etch the planarization layer 6 for removal. 
Then as shown in Rg. 4(d), a metal film 8 is formed. 

Furthermore, as shown in Fig. 4(e), the photoresist 9 together with the metal film 3 thereon is removed to form a 
wiring layer 5 implanted in the planarization layer 6. 
15 In case the desired thickness of the wiring layer 5 is as targe as one to several tens of microns, metal plating 
method may be used in place of the vapor deposition method, the sputtering method or the CVD method requiring too 
much time to form the film. 

For example, as shown In Fig. 5(a), a thin metal film 8 is formed on a substrate 1 by use of this lift-off method. Then 
as shown in Rg. 5(b). a metal deposit 10 is formed on top of the metal film 8 t>y use of non-electrolytic or electrolytic 
20 plating method, thereby increasing the thickness to form a wiring layer 5 consisting of the deposit 10 and the metal film 
8. 

(3) Polymer Planarization Method 

25 This method Is a process in which contact holes are provkJed by covering a wiring layer pattern witti a planarization 

layer. 

As shewn in Rg. 6(a), a wiring layer pattern 5 is formed on a substrate 1 by use of photoetching, lift-off or other 

methods. 

Then as shown tn Fig. 6(b), a planarization layer 6 is formed so as to cover the wiring layer pattern 5. The formation 
30 method can be the spin coating method, the coating method, the vapor deposition method, the CVD method, the sput* 
t^ing method or other methods. 

In case a polymer used herein has a photosensitivity, formation of the contact hole regions can simultaneously be 
carried out 

Then as shown In Fig. 6(c). contact holes 7 are provkJed in tiie planarization layer 6 by etching using the photore- 
35 sist In order to prevent a layer formed thereon from breaMng. the contact holes 7 are preferably downwardly tapered. 
By connecting the lower electrode to the auxiliary electrode 5 by way of these contact holes, it is possible to make the 
organic electrofuminescence element as shown in Rg. 2. 

The planarization layer 6 may have a slight undulation as shown in fig. 6(d). It is to be appreciated in this case that 
the degree of the undulation is such that no breakage occurs in the upper organic layer for EL element and the counter 
40 electrode layer by this undulation. 

(4) Substrate Implantation Method 

This method is a process in which part of a substrate is utilized as a planarization layer. 
45 On a substrate 1 , as shown in Rg. 7(a). is formed a pattern of photoresist 9 having openings at positions where a 
wirmg layer is provkled. 

Then, as shown in Fig. 7(b). areas 15 of the substrate 1 covered with no photoresist 9 are etched. 
Then, as shown in Fig. 7(c). a metal film 8 is fbnmed over the entire area including the etched regions IS. 
Rnally. as shown in Rg. 7(d). the photoresist 9 is removed together with the metal film 8. 
so This means that part of the substrate 1 has been treated into a planarization layer. 

Accordingly, the emtxxliments of the first invention are classified into two types, one having the wiring layer 
implanted into the planarization layer, and the other having the wiring layer implanted into the substrate. 

II. Second Invention (Organic EL Element Having Interlayer Insulating Film) 

55 

I.Basic Mode 

tn tfie second invention, as shown in Rg. 8(a), an auxiliary electrode 5 is covered with a flattened imertayer insulat- 
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ing film 1 1 provrided between the auxiliary electrode 5 and an organic layer 3. 

Accordingly, the wiring layer 5 is flattened In the same nrwiner a& the case ol the first Invention by the interlayer 
insulating film 11 . so that the generation of steps attributable to the wiring layer 5 is suppressed, thereby effectively pre- 
venting a counter electrode 4 from breaking. 
5 Furthermore, although the wiring layer 5 is electrically connected to the lower electrode 2, the interlayer insulating 
film 1 1 is formed so as to cover the wiring layer 5 in the present invention, so that there is no oocurrence of a teak current 
due to the migration of electric charges from this wiring layer 5 into the organic layer 3. ther^y providing an effective 
prevention against the aoss talk. 

A variant of the second invention can be for example a mode shown in Rg. B(b). In this case, the lower electrode 2 
10 and the wiring layer 5 are connected via a contact hole 7 to the interiayer insulating film 11 . 

In case of the embodiment shown in Fig. 8, the interlayer insulating film 1 1 is formed with a taper having a taper 
angle (8) (an angle formed between upper one of two parallel sides and one of two nonparallel sides a trapezoidal sec- 
ticn) preferably which is equal to or less than 45". more preferably which is equal to or less than 25* as shown in Fig. 9. 
The taper angle (6) exceeding 45"* may result in an increased possibility of breakage and tend to cause any display 
IS defect, since the organic layer superposed on the interiayer insulating film 1 1 has a thickness as extremely small as 1 00 
nm to 200 nm, with the counter electrode having a small thickness of the order of 200 nm. 

2. Constituent Element 

so The second invention will hereinafter be described more specifically on a constituent element basis. 

(1) wiring i^yer 

The wiring layer can be the same as used in the first invention. It is to be appreciated that edges of the wiring layer 
2S are preferably tapered since K may be difficult to entirely eliminate the steps attributable to the auxiliary electrode in the 
embodiment shown in Fig. 8. In lieu of tapering the wiring layer, stepped portions of the interlayer insulating film 
desaibed later may be tapered. This taper angle (an angle formed between upper one of two parallel sides and one of 
two nonparallel skies) is preferably which is equal to or less than 45* and more preferably which is equal to or less than 

30 

(2) Interiayer Insulating Film 

The interiayer insulating film can be the same as used in the planarization layer in the first invention. 

However, it is to be noted that the interiayer insulating film is different from the planarization layer in that point that 

35 it does not need not to be transparent It is preferred that the thickness be within a range of 1 00 nm to several tens of 
microns so as to be able to have insulation properties and smooth the steps. It is preferred in this case that the interiayer 
insulating film be free from any pinholes (pinholeless) and have a large dielectric breakdown strength. This a\nr& to pre- 
vent the injection of electric charges from the wiring layer into the organic layer. More specifically, oxides or nitrides con- 
serving a dielectric breakdown sf ength which is equal to or more than 2 MV/cm, such as for exanple Si02, AI2O3, 

40 TagOs, Si3N4 and YbaOa are prefen-ed. Furthermore, in order to prwent the counter electrode from breaking, it is nec- 
essary that the stepped portions ol the interlayer insulating film could be tapered. The oxides such as AI2O3 and TagOs 
prepared by anodizing method are particularly preferred since they are pinholeless and superior in the dielectric break- 
down strength. The preparation could be made by a method in which a voltage of 10V to 300V is applied for oxidation 
witti the above<f escribed metals as the anode and platinum or oti^er noble metals as the cathode in a dilute solution of 

45 e.g., ammonium citrate, ammonium phosphate, anvnonium borate arid ammonium tartrate. 

(3) Other Constituent Elements 

The other constituent element for use in the present invention can be the same as used in the first inventfon. 

50 

3. Method for Forming Wiring Layer and Interlayer Insulating Film 
(1) Anodizing Mettiod (Part 1) 

55 This method is a process in whfoh the surface of a wiring layer is anodized to use the resultant oxide film as an inter- 
layer insulating film. 

As shown in Fig. 10(a), a patterned lower electrode 2 is formed on a substrate 1 . 

Then as shown in Rg. 10(b}. a metal film 8 is formed and etched in accordance with a pattern of the wiring layer. 
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Then as shown in Fig. 10(c). the suitace of the metal film 8 is anodized so that the resultant oxide fifm is used as 
an interlayer insulating film 1 1 with the remaining nonoxidized portion of the metal film 8 being used as a wiring layer 5. 

(2) Anodizing Method (Part 2) 

5 

This method is a process in which.after the formation of the wiring layer, the lower electrode Is formed, after which 
portions of the wiring layer which have not t>een covered with the lower electrode are anodized to use them as the inter- 
layer insulating layer. 

As shown in Fig. 1 1 (a), a patterned wiring layer 5 is formed on a suttstrate 1 . 
10 Then as shown in Rg. 11 a lower electrode 2 is patterned so as to connect to the wiring layer 5. 

Then as shown in Rg. 1 1(c), portions of the' wiring layer which have not been covered with the lower electrode 2 
are anodized to oxide the surface thereof, allowing the oxidized portions to be used as an interlayer insulating layer 11. 

(3) Rattening Method 

1$ 

This method is a process in which a wiring layer uncovered with a lower electrode is covered with an interlayer insu- 
lating film for flattening. 

As Shown in Rg. 1 2(a). a patterned wiring layer 5 and a patterned lower electrode 2 are formed on a sut)strate 1 in 
the same manner as the case of the above (2). 
20 Then as shown In Rg. 12(b). an Interlayer Insulating film 1 1 1s formed. In case of using an insulating polymer as the 
material of the imeriayer insulating film 1 1 , after the formation with the spin coating, the interlayer insulating film 1 1 is 
configured by photoetching method for example so as to cover the wiring layer 5 excepting the wiring connection to the 
lower electrode 2 or other exterior. 

25 Surface Resistance ^lue and Width of Wiring Layer 

The wiring layer for use in the first and second Inventions is electrically connected to the lower electrode. As used 
herein, "electrically" means ttiat when a power source Is connected to the wiring layer arxJ the counter electrode, the 
wiring layer and the lower electrode are connected with each other so as to allow a voltage to be applied to the organic 

90 EL element. It is therefore preferred that the wiring layer have a low surface resistance value since a current supplied 
to the organic EL element flows therethrough. More specifically, it is prefen'ed that the surface resistance value should 
be equal to or less than 1 Q/d. In case of making the lower electrode of a conventional material thin film having a resist- 
ance value which is equal to or more than 0.5 x 10*^0 • cm. it may be difficult to achieve this value with a thldoiess 
within a range of 100 nm to 500 nm. If the thickness of the lower electrode is further increased to reduce the surface 

35 resistance value, significant steps may occur at the edges of the lower electrode, resulting in an inconveniences such 
as a breatage of the counter electroda In case the lower electrode is a transparent electrode, the specific resistance 
is as large as 1 x IC^Q • cm or more in the state of the art so that further increased thideiess results in an optical 
transmittance which Is equal to or less than 80%. which may inoonvenientty reduce the luminescence emission effi- 
ciency. 

40 Thus, by using tiie wiring layer having a surface resistance value which is equal to or less than 1 Q/Q in the first and 
secorxl inventions, it is possitsle to acquire an electrode line (wiring) having a low resistance, which could not be 
achieved by only the lower electrode. Furthermore, it is particularly preferred to use a wiring layer having a surface 
resistance value of O-SQ/b. This is achie/ed by using a material with a low specific resistance which is equal to or less 
than 10 to 30 pi^ * cm. such as Al. A) : Ta. Al : Nd and Al : Ti. Since the wiring of the wiring layer ordinarily interferes 

45 with tile emission of the luminescence from pxels, the width thereof Is preferably smaller than the size of the pixels. The 
width is preferably equal to or less than 50 fim. particulariy preferably equal to or less than 20 ^m. On the contrary, the 
wiring of the wiring layer having a reduced width may add to the resistance of the wiring of the wiring layer. Even in case 
of a reduced widtti of 10 pm, however, use of the wiring layer having a surface resistance which is equal to or less than 
0.3Q/b would result In an acquisition of an allowable resistance value per cm which is equal to or less than 300Q. It 

so would therefore be prefen'ed to use the wiring layer having a surface resistance which is equal to or less than 0.3£2/b 
since the wiring having a resistance for 10 cm which is equal to or less than SkO. is acquired. 

In order to acquire the wiring of such a low resistance, it is necessary to make the wiring layer of the material having 
a tow specific resistance which is equal to or less than 10 to 30)ifi * cm and to set the thickness of the wiring of the 
wiring layer to should be equal to or more than 200 nm. Although this is easily achieved. It becomes essential to flatten 

55 or planarize the steps of the wiring layer instead. 

It becomes therefore essential to implant the wiring layer in tfie planarization layer or in the sut>strate using the first 
invention, or alternatively to employ the second invention in which the imeriayer insulating film has been formed with the 
steps of tiie wiring layer being tapered if necessary. 



11 



EP0 888035 A1 



Pattern Examples of Wiring Layer and Lower Electrode 

The wiring layer used in the first and eecond In^^ention is particularty effective in the application to a diEplay fornting 
an XY matrix by the lower electrode and the counter electrode. Such an XY matrix provides a display for a fine sequen- 
s tial driving. At that time, the pulse current peak value increases since the cun'ent pulse Is fed to a selected pixel by a 
time corresponding to the reciprocal of the (number of scanning lines) x (frame frequency). For this reason, there arises 
a need to reduce the electrode line (wiring) resistance by use of the wiring layer. 

Such pattern examples for reducing the wiring resistance include ones shown in Rg. 13. 

Dotted in Fig. 13(a) are connections of the lower electrode 2 and the wiring layer 5. In case the lower electrode 2 
10 overlies the wiring layer 5. unconnected portions of the wiring layer 5 is covered with the planarization layer or the inter- 
layer insulating film. In case the lower electrode 2 underlies the wiring layer 5, the entire wiring layer 5 is covered with 
the tmerlayer insulating film. 

Dotted in Rg. 13(b) are connections of the wiring layer 5 and the lower electrode 2. Similarly, the wiring layer 5 is 
covered with the interlayer insulating film or the planarization la/er. 
15 TTie first and second inventions are applicable to the formation of double and triple or more matrix as well. 

In case of a double matrix for example, as shewn in Fig. 13(c), the odd numbered lower electrodes 2 and the even 
numbered lower electrodes 2 are connected to different wiring layers 5. 

The above pattern examples are typical ones, and the present invention is not intended to be limited by them. 
Figs. 14 and 15 illustrate wiring patterns of displays using the double matrix and a quadruple matrix, respectively 
20 In the example illustrated in Rg. 1 4. the pattern of Rg. 1 3(c) is utilized to make up an XY matrix, with the lower elec- 
trode 2 serving as a signal electrode. It is to be noted in Rg. 14 that an X stripe (scanning electrode 4) as the counter 
electrode is also striped. Such an example of the double matrix has advantages for instance that the stress exerted on 
this element upon the drive of the display can be reduced due to halved drive duty and that a reduction In the applied 
voltage leads to a reduced power consumption. 
25 In case of using the double matrix in the first and second inventions, there can be obviated the breatege of the 
counter electrode or cross talk which has been found in the prior art 

Also in the case of using the triple or nx>re matrix as shown in Rg. 15. it is possible to utilize the present Invention 
for the formation thereof. Besides. Fig. 1 5 illustrates an example of the quadruple matrix. 

X), Xz and X3 represent the counter (scanning electrode 4) electrodes while Yi t. Y^2* Y13, Y14 y^^^,^%22* Y123 

30 and Yi24 represent the tower (signal electrode) electrodes 2. 

For example, a 1/460 duty drive can also be reduced to 1/120. For tNs reason, application of the technique of the 
presem invention enables a high-definition TV and other display to be inplemented. This is because the electrode line 
(wiring) resistance of the present invention Is small enough to prevent the voltage drop from oocuning as weO as 
because there can be suppressed an increase of the response time which may arise in case of a larger wiring reslst- 
35 ance. 

In addition, the first and second inventions are applicable to an aganic EL element using an active matrix. It is to 
be noted that the signal electrodes and the scanning electrodes of the XY matrix for use in the active matrix serve dif- 
ferently from the wiring of the wiring layer in the present invention. Although they are wirings for the supply of power to 
the lower electrode of the organic EL element in the present Invention, the signal or scanning electrode of the active 
40 matrix is a wiring for providing an on/off control to the active element (transistor). 

Furttiermore, the signal or scanning electrode of the active matrix is used for the drive control of a field-effect tran- 
sistor, so that the amount of current flowing therethrough is small, permitting a wiring having a relatively high resistance 
valua 

Accordingly, the electrode line (wiring) with a low resistivity required in the first and second inventions is not neces- 
45 sarily needed. The active matrix uses the wiring of the wiring layer in the presem invemion as a common electrode line 
which is a vviring for the supply of cunrent to the lower electrode of the organic EL element. 

Provision of the common electrode line in the form of the wiring layer In the first and second inventions makes it 
possible to prevem a breakage of the counter electrode and to suppress the cross talk in the display and to realize the 
effect suppressing a voltage drop attributable to the wiring. 

50 

III. Third Invention (Organic EL Element Having Planarization layer: Part 2) 
1 . Basic Mode 

55 A third invention relates to an organic EL elemem comprising as shov^m in Rg. 16 or 17 a substrate 1 . and ttiereon 
superposed in the mentioned order a lower electrode 2. an organic layer 3 including an organic luminescent layer, and 
a coumer electrode 4. A wiring layer 5 for reducing the resistance value of tiie lower electrode 2 is implamed in a 
planarization layer 6 interposed between the substrate 1 and the lower electrode 2. 
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Accordingly, ths third invention is charBcterized in that the wiring layer 5 i& not allcTwed to protrude upward fronn the 
lower electrode 2. eo that there occur no steps attributable to the wiring layer 5. providing an effective prevention against 
a breakage of the counter electrode 4 in the same manner as the first and second inventions. The wiring layer 5 is elec- 
trically connected to the 

5 lower electrode 2, although In the third invention the lower electrode 2 is disposed on top of the wiring layer 5 so as 
to cover the latter, so that there is no occunrence of a teak cunrent arising from the injection of electric charges from this 
wiring layer 5 into the organic layer 3. providing an effective prevention against a aoss talk in the same manner as the 
first and second invention. The third invention is further characterized in that it is possit)le to sufficiently reduce the 
resistance value of the lower electrode since the width of the wiring layer lies within a range of 20 to 150% of the width 

10 of the lower electrode layer. 

Furthermore, in case of forming the wiring layer from a metal of 200 ^m in wiring width and of 250 nm in thickness 
end having a specific resistance of 5 x lO'^n • cm for example, the resistance of the lower electrode layer having the 
same width as that of the wiring layer can be reduced to ^OSi (5 x 10'^A * cm/ (200 ^m x 250 nm)) or below for unit 
length (1 cm) (in this specification, the resistance value for unit length means a resistance value for 1 cm in length; here- 

15 inafter may be abbreviated sinply as a resistance value for unit length). As a result, the resistance value can be reduced 
to enough a small value to allow an application of parts oonrprised of the lower electrode layer and the wiring layer to 
the scanning electrode line in an organic EL display device having the XY matrix configuration. 
Anther embodiment of the third invention can be one shown in Fig. 1 7 for example. 

In this embodiment, as shown in Fig. 17, the wiring layer 5 is covered with the planarization layer 6 in such a man- 
so ner that the electrical connection between the wiring layer 5 and the tower electrode 2 is effected by way of a contact 
hole 7 formed in the planarization layer 6. Also in this emt>odimem. the wiring layer 5 is not allowed to protrude upward 
from the lotnw electrode 2 in the same manner as the first and second invention, thereby effectively preventing a break- 
age of the counter electnxfe 4 and a cross talk from occunring. Furthermore, the possession of a sufficient wiring width 
enables the resistance to tower 
25 Moreover, this allows the above organic EL elemem to form an XY matrix by the tower electrodes and the counter 
electrodes, enabling luminous pixels to be formed at the intersections. 

Embodiments different from those shown In Figs. 16 and 17 include a mode as shown in Rg. 18 where the posi- 
tional relationsh^} between the wiring layer 5 and the tower electrode 2 has been translated, a mode as shown in Rg. 
19 where no breakage occurs due to the trapezoidal in section (tapered) edges of the wiring layer although the thlck- 
30 ness of the planarization layer 6 is smalter than that of the wiring layer 5. and a mode as shown in Rg. 20 where no use 
is made of the contact holes In spite of the sinru'lar mode to that of the Fig. 19. 

2. Constituent Elements 

35 The third embodiment will hereinafter be described more specifically on a constituent element basis. 

(1) lower Electrode 

The lower electrode for use in the third invention can be the same as used in tiie first and second inventions. 

40 

(2) Wiring Layer 

The wiring layer for use in the present invention is not particularly limited and can be the same as used in ttie first 
and second inventions as long as it has a width which is equal to 15 to 150% of the width (length of the short side) of 
45 the lower electrode. 

In ttie third Invention, the width of the wiring layer should be wittiin a range of 15 to 150%. preferably 100 to 150% 
of ttie width of tiie lower electrode. This is because the width less tiian 15% may prevem the lower electrode from 
acquiring a sufficiently low resistance value but the width more tiian 150% may reduce ttie fill factor of the luminous pix- 
els, making K difficult to increase ttie luminance. In case of ttie range of 1 00 to 1 50%. the luminescence is emitted from 
50 \Jt\Q counter el ectrode side. 

The method for connecting the wiring layer and ttie lower electrode includes for example a method in which the 
lower electrode is provided over the entire surface of the wiring layer, a method in which tiie contact between ttie wiring 
layer and the lower electrode is effected by way of a contact hole provided in the planarization layer, and a method in 
which the lower electrodes constituting pixels are separately formed on the wiring layer on a pixel-to-pixer basis. 

55 

(3) Planarization layer 

The planarization layer for use in the present Invention can be ttie same as used in ttie first present 
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in case of using inorganic n^teriais, the method for forming this (ayer includes a thermaJ CVD method, an LPCVO 
method (low pressure CVD method), a PECVD method (plasma enhanced CVD method), a DC sputtering method, an 
AC sputtering method, an ECR sputtering method. It is desirable to select the temperature upon the formation of the 
layer in view of the heat resistance temperature of the substrate and the wiring layer. For example, it is pretetBble to 
5 . Ibrm the layer In the condition that the substrate tempereiture of 80 to 400*C is achieved. The condition allowing the sub- 
strate temperature exceeding 400*C may possibly result in defects of the wiring layer v^ich may lead to pixel defects. 
The anodizing method is applicable to the first invention. 

This anodizing method is available as another inorganic material film deposition method. In this method, a metal 
such as aluminum (AI), tamalum (Ta) and an aluminum alloy allowing anodization is immersed in a neutral aqueous 
10 solution obtained by adding weak base components into weak acid aqueous solution containing boric acid, citric add. 
etc. With platinum or other noble metal as the counter electrode (cathode) and with the above metaJ as the anode, a 
voltage of 150 to 300V is applied for oxidation to form a planarization layer made of an oxide. Al, 1a, Al alloys are suit- 
able for the formation of a dense film free from any pinholes. 

This layer fornr^atjon method preferably employs a technique in which a solution of an organic material, ag., one of 
IS the above polymers or precursors thereof is spin coated' or applied and then thernrx)set. 

It is to be appreciated that the planarization layer may be formed from the same glass material as that of the sub- 
strate and that in this case the glass used as the substrate may partially be processed to make up the planarization 
layer. 

The same method is applicable to the first invention. 
20 The planarization layer has only to have a thickness enough to Implant the wiring layer therein, and as shown in 
Rgs. 19 and 20 the thk:kne8S thereof rmy be smaller than that of the wiring layer depending on the geometries of the 
wiring layer. 

(4) Other Cor^stituent Elements 

25 

The other constituent elements can be the same as used in the first and secorxl Inventions. 
3. Method for formng Lower Electrode. Wiring Layer and Planarization layer 
30 The forn^tion method is not limited to a particular method, but preferred examples can be the following methods. 

(1) Etch Back Method 

This method is a process in which a wiring layer is coated with an inorganic insulating film and then with an organic 
35 polymer, after which it is subjected to plasma etching or reactive ion etching to thereby planarize(flatten) Its surface. As 
, shown in Fig. 21(a), a material to form ttie wiring layer is deposited to a predetermined thickness on a substrate 1 by a 
known film deposition method such as vapor deposition, sputtering or CVD mettiod. after whteh it is patterned by pho- 
tolithography to form a wiring layer 5. 

Then as shown in Rg. 21(b). an inorganic insulating film of SiOg, SiO, (1 s x s 2), Si3N4. etc., is formed over ttie 
40 wiring layer 5 by means of the above-described various CVD methods or the sputtering method. 

Then the surface of the inorganic insulating film is coated with an organic polymer (the organic polymer layer is not 
shown) for pianarizing(flatlen!ng), after which it is uniformly etched by the reactive etching for example using a mixture 
gas of CF4 and oxygen, to form a planarization layer 6 as shown in Fig. 21 (c). 

Then contact holes are provided as shown in Fig. 21(d) by means of photolitt^ography 
45 Finally, a lower electrode is formed by sputtering for example and patterned by photolithography to obtain the wiring 
layer 5 implanted in ttie planarization layer 6 as shown in Fig. 21(e). 
The same mettiod is applicable to the first invention. 

(2) Uft-ofI Method 

50 

This mettiod is a process in which after ttie formation of a planarization layer on a substmte. a metal film is formed 
thereon. In case of making ttie planarization layer of a transparem polymer, a typical film deposition mettiod is ttie spin 
coating method, the coating mettiod. ttie immersion coating or ottier methods. In case of using oxides, glass, etc.. ttie 
vapor deposition mettiod. ttie sputtering mettiod, ttie CVD mettiod. ttie anodizing or ottier methods are available. 
55 As shown in Fig, 22(a), a planarization (ayer 6 is first formed on a 6ut)strate 1 . 

Then as shown in Rg. 22(b), a photoresist is coated on ttie planarization layer 6 and is exposed to light so that a 
photoresist 9 is positioned witti apertures oonesponding to patterned portions forming a wiring layer. 

Then as shown in Fig. 22(c). portions of ttie planarization layer whk^ have not been masked by ttie photoresist 9 
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is etched for removal. 

Then a wiring layer 5 is formed by a known film deposition method, which is followed by the deposition of a lower 
electrode layer as shown in Fig. 22(d). 

Afterwards, as shown in Rg. 22(e}. the photoresist 9 together with the lower electrode lying thereon is removed. 
5 thus allowing the fbnnation of the wiring layer 5 within the planarization layer 6. as welt as the fornfiation of the lower 
electrode 2 thereoa 

In case a desired thickness of the wiring layer 5 Is as large as one to tens of microns, metal plating method 
may be used after the initial tormation by vapor deposition, sputtering or CVD method. The employment of this method 
enables the film deposition time to be reduced. 
10 This method is also applicable to the first invention. 

(3) Anodizing Method 

This method is a process in which a planarization layer is formed by use of anodizing method. 
15 As shown In Fig. 23(a), a metal or alloy allowing anodization is deposited on a substrate 1 by means of various CVD 
methods, sputtering method, or vapor deposition method. 

Then as shown in Fig. 23(b). a photoresist is coated and exposed to light for setting, to thereby allow portions hav- 
ing no planarization layer thereon to remain. 

Then the thus treated substrate is immersed in an anodizing liquid and supplied with an electric current to oxidize 
20 portions resulting in the planarization layer (portions having no photoresist thereon) (Rg. 23(c)). 

Then the photoresist 9 is removed (Rg. 23(d)). after which a lower electrode layer is formed and as shown in Rg. 
23(e) is patterned by lithography, allowing a wiring layer 5 connecting to the lower electrode 2 to be formed witNn the 
planarization layer 6. 

This method is also applicable to the first invention. 

25 

(4) Polymer Planarizing Method 

This method is a process in which a planarization layer is superposed on a wiring layer pattern to thereby provide 
contact holes as described hereinbefore. 
30 As shown in Rg. 24(a), a wiring layer pattern 5 is formed on a substrate 1 by means of the lift-off method for exam- 
ple. 

Then as shown in Fig. 24(b), a planarization layer 6 is formed using a polymer in such a manner as to cover the 
wiring layer pattern 5. The formation method can be for example spin coating, the coating method, the vapor deposition 
method, the CVD method or the sputtering method. In case the polymer used herein has a photosensitivity, the contact 
ss hole portions may simultaneously be provMed. 

Then as shown in Rg. 24(c). contact holes 7 are provided in the planarization layer 6 by etching using a photoresist. 
In order to prevent a layer formed thereon from breaking, it is preferred that the contact holes be downwardly tapered 
(upwaidly flared). By connecting the lower electrode to the wiring layer 5 by way of these contact holes 7* H Is possible 
to obtain a structure shown in Rg. 24(d). 

40 

IV. Fourth Invention (Organic EL Display Device Using Organic EL Element Having Planarization layer) 

A fourth invention relates to an organic EL element display device using an organic EL element having substantially 
the same configuration as that of the organic EL element of the first and third inventions. 
45 The organic EL display device of the present invention comprises a plurality of scanning electrode lines and a plu- 
rality of signal electrode lines which intersect the plurality of scanning electrode lines, with the intersection areas being 
providing with luminous pixels in arrays. Each luminous pixel is formed from an organic EL element comprising a sub- 
strate, thereon superposed in the mentioned order a lower electrode, an organic layer including an organic lun^inescent 
layer, and a counter electrode. 

50 Herein, the scanning electrode lines serve to transmK a scanning signal upon a simple matrix drive of the lumines- 
cent device, whereas the signal electrode lines sen^e to feed a signal current for selecting a luminous pixel to be acti- 
vated, to the scanning electrode line selected by the scanning signal. 

Although the signal electrode line of the fourth invention is an electrode line including a counter electrode, as used 
herein the including the counter electrode means that the electrode line includes in addition to the counter electrode a 

55 wiring for feeding a selection signal current connected to the electrode. 
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(1) Luminous Pixel 

The luminous pixel of the fourth im^ention is formed from the organic EL element having the above configuration. 
The lower electrode is connected to a wiring layer, and the wiring layer is inplanted in a planarization layer interposed 
s between the substrate and the lower electrode. The width (length of the short side) of the wiring layer is preferably equal 
to 20 to 150% of the width (length of the short side) of the lower electrode. 

The organic EL element constituting the fourth invention can be tabricated using the same materials and the same 
methods as those for the organic EL element set forth In the first and third inventions. It is also possible to enploy the 
same configurations as set forth in the first and third inventions. 

10 

(2) Scanning Electrode line 

The scanning electrode line of the fourth invention comprises a tower electrode and a wiring layer connected 
thereto. 

IS In case of 2-^lit passing drive of an organic EL display device at a duty of 1/1 20, the device having 240 x 360 pixels 
with 200 x 300 ^m each, acquisition of a luminance of 200 od/mP requires instantaneously as a high luminance as 
120 X 200 a 24.000 od/rr?. In this case, full activation of the pixels of 10 od/A. extremely a high level of luminous effi- 
ciency, would cause a large current d the order of 52 mA to flow instantaneously (1/ 120 x 1/ frame frequency time(6eo- 
ond)) to flow through the scanning electrode lines. This current value is a value obtained when the display fill factor is 

20 100%. If the fai factor is from 50 to 70%, a higher luminance is required, which may possibly cause an Instantaneous 
flow of as large a current as 100 mA. Furthermore, the luminous efficiency less than 10 od/A requires an even larger 
current value. 

At that time, if the resistance value for unit length of the wiring layer (in other words, the resistance value for unit 
length of the scanning electrode line) is of the order of 100Q which is a standard of the prior art with the length of the 

25 scanning electrode line being 10 cm. the value of voltage drop upon the full activation is ^luated to be (52 mA x 1 KQ) 
/ 2 «= 26V. which may result in a difficulty with a low voltage drive and in an increase in the power consumption, thus 
making it thoroughly impossible to use as a display. From a viewpoint of a reduction in the power consumption, the 
resistance value of the scanning electrode line is preferably less than 15Q for unit length (1 cm). 

In case of disposing e.g., a 250 nm thick, 200 \im wide wiring layer with a specific resistance of 5 x 10"®ft • cm 

30 under the lower electrode in the fourth invention, a resistance of at most 10O for unit length (1 cm) is available. 

In case of the fourth invention, the provision of the planarization layer makes it possible to prwent any breakage of 
a layer superposed on the lower electrode layer even though the thickness of the wiring layer has been increased to 
reduce the resistance value. For this reason, the thickness of the wiring layer can be one to several tens of microns so 
that the resistance value for unit length (1 cm) can remarkably be reduced to several ohms to several-tenths ohms. 

35 Table 2 illustrates, in a form corresponding to the resistance for unit length (1 cm) of the scanning electrode line, a 
voltage drop and a power loss which may occur in case of 2-split passing drive of an organic EL display device at a duty 
of 1/120. the device having 240 x 360 pixels with 200 (un x 300 ^m each. In order to obtain the voltage drop, the lumi- 
nous efficiency and the luminance were assumedly 10 od/A and 200 od/hi?, respectively. 

40 

Table2 



Resistance For Unit 
Length (fl) 


Resistance For 10 cm 
(ft) 


Voltage Drop(V) 


Power Loss Due To 
Resistance 


100 


1000 


26 


0.9 


10 


100 


2.6 


0.09 


1 


10 


0.26 


0,009 


0.1 


1 


0.026 


0.0009 



In Table 2. when the resistance value for unit length is lOOn which is a conventional standard, the drive voltage is 
high with a large power consunption as described hereinabove, causing the display device to suffer from a disadvan- 
tage. With the resistance value of 100, the voltage drop Is 6V within a permissible range vwlh a reduced power toss, so 
55 that use as the display device may be possible, but it is desired to further reduce the resistance value to suppress une- 
venness in the luminescence attributable to the voltage drop. The fourth invention enables the resistance value for unit 
length to be reduced to several ohms to several-tenth ohms as described hereinabove, so that the voltage drop is neg- 
ligible, preventing a degradation in performance such as the inuniformity of the luminescence attributable to the voltage 
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drop. 

(3) Signal Electrode line 

5 TTie signal electrode line comprises a counter electrode or a comUnation of a counter electrode and a wiring con- 
nected thereto. The counter electrode used here in may act either as an anode or a cathode, although it requires a cer- 
tain degree of optical transmission when luminescence is emitted from the counter electrode side. A prefenred optical 
transmission is equal to or more than 30% In a luminous waveform to be emitted. A material of the opticaliy transmissive 
anode can be electrically conductive transparent oxides such as In-SnO, ZnO : Al (a mixture obtained by adding Al to 

10 ZnO). In-ZrvO and Sn02 : Sb (a mixture obtained by adding Sb to SnOa); full -conjugated polymers having a high trans- 
parency such as potyanillne; graphite; and semiconductors such as a-cartxsn. A prefenred n^terial of the optically trans- 
missive cathode includes a metal or alloy less than 20 nm in thickness having a low woric function; and the metal or alloy 
having an electrically conductive transparem oxide film deposited thereon. When no optical transmission is needed, the 
same material as that of the lower electrode described above is available. 

15 A curent flowing through the signal electrode line is 0. 1 4 mA (52 mA / 360 ° 0,14 mA) in case the above lumines- 
cent device (the organic EL display device having 240 x 360 pixels with 200 ^m x 300 )im each) is used al a luminance 
of 200 od / m^. so that a higher resistance value than that of the scanning electrode line is permissible. For example, 
the voltage drcp at the resistance value of 5 kQ Is 0.7V. and hence such a level of resistance value is acceptable. 

20 (4) Display Device 

Table 2 Hlustrated in a corresponding form the voltage drop and the resistance for unit length of the scanning elec- 
trode line in case of an EL display device with diagonal line of 5 inches conforming to OVGA standard. In this werX, the 
resistance of 10Q is also usable as desaibed above. In case of a large-size screen which is equal to or more than 14 

25 inches and a Ngh-definiton EL display device of VGA or upper (for example. 14Hnch VGA. 14-inch SVGA. 14-inch 
XGA). the duty may be equal to or less than 1/240 with scanning electrode line which is equal to or more than 20 cm. 
so that the resistance value for unit length must be several ohms to several-tenths ohms. Due to its capability of using 
a wide wiring layer, the organic EL display device of the fourth irrvention can realize such a low resistance and there fore 
achieve a larger size of screen with a higher definKion. 

30 Furthermore, the fourth invention is applicable to the organic EL display device using an active matrix. 

V. Fifth Invention (Organic EL Element Having Trapezoidal Layer Formed From Lateral Layer And Wiring Layer) 
I.Basic Mode 

35 

A fifth invention relates to an organic EL element conprising as shown in Fig. 25 for example a wiring layer 5 having 
a trapezoidal (tapered) shape in section, the wiring layer 5 being covered with a lower electrode 2 and a lateral layer 8 
which are provided between the wiring layer 5 and an organic layer 3. The formation of the lateral layer 8 suppresses 
the occurrence of image defects at that portion. 

<o By virtue of its sectional shape, the wiring layer 5 is 6ut>stantially planarization in the same manner as the case of 
the first and third inventions by the lower electrode 2 artd the lateral layer 8. so that occurrence of steps arising from the 
wiring layer 5 Is relieved, providing an effective prevention against the breakage of a counter electrode 4. 

The wiring layer 5 is electrically connected to the lower electrode 2 although in the fifth Invention the lower electrode 
2 and the lateral layer 8 are formed in such a manner as to cover the wiring layer 5, so that there is no occurrence of an 

45 abnormal leak currem attributable to the injection of electric charges from the wiring layer 5 into the organic layer 3. pro- 
viding an effective prevention against the cross talk. 

It is preferred that the section of the wiring layer (or the section of a layer formed from the lateral layer and the wiring 
layer) have a taper angle (9) (an angle formed between the lower one of two pamllel sides and one of two non-parallel 
sides of the trapezoUal section; see Fig. 25) wNch is equal to or less than 45". preferably which Is equal to or less than 

so 25*. 

Due to as extremely a sntall thickness as 100 nm to 200 nm of the organic layer provided on top of the lower elec- 
trode 2. and due to a small thickness of the order of 200 nm of the ooumer electrode, the taper angle exceeding 45*' 
may enhance the possibility of a breakage, tending to cause the display defects. 

55 2. Constituent Elements 

The fifth invention will hereinafter be described more specHically on a constituent element t)asis. 
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The wiring layer functions In the same manner as in the first to third inventions. For this reason, the same as used 
in the fust to third inventions can be used. Since it nr^y t>e difficult for the example shown in Fig. 25 to entirely eliminate 

5 the steps caused by the wiring layer, however, the edges of the wiring layer are preferably tapered. Instead of tapering 
the edges of the wiring layer, the stepped portions of the lateral layer described later mc^ be tapered. This taper angle 
(the angle formed between the lower one of two parallei sides and one of two noni>arallet sides of the trapezoidal sec- 
tion) is preferably equal to or less than 45*. and niore preferably 5 to 25* as described above. The tapering eliminates 
any possibility of reduction of thickness or breakage of the organic layer or counter electrode layer a! the edges of the 

10 pattern, thereby preventing a possible short-circuit or leak current. 

It is also necessary for the wiring layer to be connected to the Icwer electrode at its tx>ttom. This is because it is 
advantageous in preventing extraordinary migration of electric charges from the wiring layer into the organic layer. In 
case the wiring layer is positioned above the lower electrode or laterally thereof, there arises a need to provide an inter- 
layer insulating film in addition to the lateral layer, thus complicating the configuration of the organic EL element and the 

15 fabricating process. It is to be noted that as long as a configuration is enployed in which the wiring layer is isolated from 
the organic layer by the lower electrode and the lateral layer, there is no need to entirely locate the wiring layer under 
the lower electrode. 

Furthermore, due to the same reason as the third invention, the width of the wiring layer is preferably 20 to 150%, 
more preferably 100 to 150%. 

so 

(2) Lateral Layer 

The organic EL element of the fifth Invention has a lateral layer at the eide of the wiring layer. This lateral layer 
serves to make definite the threshold value of the current-voltage cun/e of the organic EL element to prevent an occur- 
25 rence of the cross talk. 

The material of the lateral layer is not particulariy Bmited as long as it has the following functions. Available materi- 
als are as fdllQWS. 

(i) Insulating Material 

30 More specif icalty, the same material as used for the planarization layer of the first and third invention can be 

used. Oxides of the metals or alloys for use as the material of the wiring layer such as AI203. Ta203 and TIO2 for 
example are also available. In this case, the anodizing method can t>e used to make oxide films of the above metals 
. and alloys. 

(ii) Such a material similar to the material of the lower electrode can be for example In-SnO, ZnO : Al. In - Zn - O. 
35 SnOa : Sb. etc. In this case, a configuration couU be employed in which the wiring layer is covered with the Im^er 

electrode. 

(iii) In case the kywer electrode acts as the anode, use can be made of metals having a work function whk;h is equal 
to or less than 4.2, such as fbr example alunrdnum. aluminum alloys, etc. 

(iv) In case the lower electrode acts as the anode, use can be made of metals having a work function which is equal 
40 to or more than 5 eV, such as fbr example Au. Pt Ni. etc.. and altoys thereof such as Au-AI alloy. Pt*AI alloy. Ni-AI 

alloy, etc. 

The use of above materials enables the amount of injection of the electric charges from the lateral tapered portion 
to be suppressed to 1/50 or below of the amount of injection of ti^e electric charges from the lower electrode, thereby 
45 making it possible to remarkably reduce the occun-ence of the leak current. Another reason to provide the lateral layer 
is that the tapered portion of the wiring layer may cause an oxtraordinary current injection due to the etching remainder 
or defects, tending to give birth to a short circuit or leak current. In the event that the wiring layer suffers from the etching 
remainder or defects, it is preferred to use the lateral layer made of the above material. 

In case of making the lateral layer of the same material of the lower electrode layer, such an effect is obtained that 
so a normal injection of electric charges is achieved by covering the entire wiring layer. 

Furtiiermore. in case the amount of irijection of the electric charges from the lateral tapered portion can be sup- 
pressed to 1/50 or betoH of the amount of injection of the electric charges from the Iwver electrode, the wiring layer and 
the lateral layer may be made of ttie same material and formed integrally. Such a nnaterial can specif icaily be At. Al 
alloys. Mo. Mo alloys, etc. 

55 

(3) Other Constituent Elements 

The other constituent elements for use in the present invention, more specifically, the substrate, the lower elec- 
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trode. the organic layer including the organic lunrainescent layer, and the counter layer can be the eame as used in the 
first to third inventions. 

3. Methods for Formkig Wiring Layer. Lower Electrode and Lateral Layer 

s 

(l)Uft-otf Method (Parti) 

This method is a process in which the wiring layer is fomned and then Is patterned tsy use of a photoresist after 
which the lower electrode is superposed thereon. 
TO As shown in Fig. 26(a). a wiring layer Is first formed on a substrate 1 . A technique for forming the wiring layer can 
include vapor deposition method, sputtering method, and CVO method. 

Then as shown in Rg. 26(b), a photoresist is coated for patterning on a region where a wiring layer is to be formed. 

Then as shown in Fig. 26(c). reactive ion etching is used to etch or remove unnecessary portions of the photoresist 
and the wiring layer. The tapering of the Wiring layer can be carried out.by a mixture gas of CF4 and oxygen. The mixing 
15 ratio {CF4/ Oa) of CF4 and the oxygen is preferably 0.6 to 1 . 

Then as shown In Rg. 26(d). a photoresist is disposed on regions where the lower electrode and the lateral layer 
are not formed. At that time, the exposure to light from the reverse side of the substrate would enable a photoresist pat- 
tern to be formed without using a photomask. 

Then as shown in Rg. 26(e), the lower electrode and the lateral layer are formed by vapor deposition method or 
20 sputtering method, after which the photoresist 9 is removed together with the lower electrode layer resting thereon, to 
obtain a lower portion of the organic EL element of the fifth invention. 

It is to be appreciated that in case of Rg. 26 the lower electrode and the lateral layer are simultaneously made of 
the same material. 

25 (2)Ljft-offMethod(Part2) 

Using the technique of the lift-off method (Part 1 , as shown in Fig. 27(a), a wiring layer and a lower electrode is 
formed on a substrate 1 , and a photoresist 9 is coated for patterning on a region where the wiring layer and the lower 
electrode are to be provided. 

30 Then as shown in Rg. 27(b). etching is used to remove or etch unnecessary portions of the photoresist and the 
wiring layer. At that time, the photoresist remains left. 

Then as shown In Rg. 27(c). a photoresist 9 Is coated on a region where no wiring layer is provided through a 
reverse side exposure. 

Then as shown in Rg. 27(d), a lateral layer is formed by vapor deposition or sputtering. 
35 Then as shown in Rg. 27(e). processing is made by lift-off in such a manner that the portions fbnmed by the vapor 
deposition or the sputtering remain left only on the lateral sides, to thereby obtain a lower portion of the organic EL ele- 
ment of the fifth invention. 

(3) Anodizing Method (Part 1) 

40 

This method is a process in which the lateral sides of the wiring layer are anodized so that the resultant oxide film 
is used as a lateral layer. 

As shown in Rg 26(a). a patterned wiring layer 5 is formed on a substrate 1. The technique of the above lift-off 
method (part 1) can be employed as means for forming the wiring layer 5 (see Figs. 26(a). (b) and (c)). 
45 Then as shown m Fig. 28(b), a photoresist 9 is disposed. A difference from the technique of the above lift-off 
method (part 1) lies in that the photoresist Is disposed as far as the lateral sides of the wiring layer 5 at that time. 

Then as shown in Rg. 28(c). a lower electrode is formed using the same technique as the above lift-off method 
(part 1). 

Rnally. as shown In Rg. 28(d), the lateral sides of the wiring layer are oxidized by use of anodizing method to form 

50 the lateral layer. 

(4) Anodizing Method (Pari 2) 

A structure shown in Fig. 29(a) is formed using the same technique as the above lift-off method (part 1). 
55 Then as shown in Rg. 29(b). a patterned wiring layer having a tapered section is formed by use of the same tech- 
nique as the above liftoff method (part 1). It is to be noted that a photoresist layer 9 remains left. 

Then as shown in Fig. 29(c). the lateral sides of the wiring layer are oxidized by the anodizing method to form a 
lateral layer. 
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Then regions other than the top of the wiring layer are coated with a photoresist and thereafter a lower electrode Is 
deposited by sputtering or vapor deposition, after which the photoresist is removed to form a lower portion of the organic 
EL element of the fifth invention as shown in Fig. 29(d). 

5 (5) Anodizing Method (Pari 3) 

This method is a process in which a wiring layer is first deposited and then a lower electrode is deposited for pat- 
terning, after which anodization is effected on regions of the wiring layer which have not been covered with the lower 
electrode, to form a lateral layer. A patterned, tapered in section deposit ptate of the wiring layer and the lower electrode 
10 can be formed by using the technique (see Fig, 27(a) and (b)) shown in the above lift-off method (part 2). It is to be 
noted in this case that the photoresist layer is entirety removed dissimilar to Fig. 27(b). Then the lateral layer is formed 
by use of the anodizing method. In case of this method, the nuteriai of the lower electrode must be a non-oxydizable 
metal such as Au and Pt for example. This method is particularly prefen'ed since it has a reduced number of steps for 
the formation of the lower portion of the organic EL element of the fifth invention. 

IS 

VI. Sixth Invention (Organic EL Display Device Using Organic EL Element Having Tapered Wiring Layer) 

A sixth invention relates to an organic EL display device basicalty using the organic EL element of the fifth invention. 

The organic EL display device of the sixth invention comprises a plurality of scanning electrode lines and a plurality 
so of signal electrode tines which intersect the plurality of scanning electrode lines, with the Intersection areas being pro- 
vided with luminous pixels in arrays. Each luminous pixel is formed from an organic EL element comprising a substrate, 
thereon superposed in the mentioned order a lower electrode, an organic layer including an organic luminescent layer, 
and a counter electrode. 

The scanning electrode lines each include a lower electrode and a wiring layer connected to the underside thereof. 
25 A layer formed from the wiring layer and a lateral layer covering the lateral sides of the wiring layer is trapezoidal 
(tapered) in section, with the wiring layer being isolated from the organic layer by the lower electrode and the lateral 
layer. A signal electrode line includes the counter electrode. 

A luminous pixel for use in the sixth invention is formed from an element having the same configuration as that of 
the organic EL element of the fifth Invent'on. For this reason, the organic EL element making up the present invention 
30 can be fabricated using the same materials as those of the organic EL element set forth in the fifth invention and using 
the same methods. H is also possble to employ the same configuration as set forth in the fifth invention. 

The scanning electrode lines, signal electrode lines and display device of the present invention allow a direct appli- 
cation of the content set forth in the fourth invention, so that it is possible to realize a lowering in resistance of the scan- 
ning electrode lines in the same manner as the fourth invention. It is to be noted that the presem invention prevents a 
3S breakage of the layer superposed on the lower electrode layer by employing a cpecificatly shaped wiring layer Instead 
of the planarization layer. 

Hereinafter, the present invention will more specifically be described on the basis of exanples thereof. 
[Example 1] (Preparation of Substrate Used in Organic EL Element of Rrst Invention) 

40 

A photoresist was spin coated on a 100 mm x 100 mm blue plate (soda-lime) glass and was exposed to light so 
that 10 jxm wide photoresist apertures were pattemed at a pitch of 100 \um. The number of lines at the apertures were 
950. Then using a buffer fluoric add (HF : NH4F : H2O) = 5:1:6), etching was effected until 0.5 jim deep grooves was 
formed. A 0.5 |im thick Al film was then formed by sputtering. Then this substrate was immersed in acetone so that 

45 materials other than Al deposited in the grooves were removed together with the photoresist fTO was then deposited 
to a thickness of 100 nm on this substrate by sputtering. The ITO was etched by photolithography to form an 80 ^m wide 
ITO fine at a pitch of 100 |im on an Al line serving as the wiring layer implanted in the substrate, it was confirmed that 
the Al line was positioned so as to be on top of an edge of the ITO line with the excellent electrical connection between 
the ITO line and the Al lina As a result of measurement, the resistance value of one of the electrode lines proved to be 

so as sufficiently tow as 800Q for 10 cm. 

[Exanple 2] (Preparation of Organic Electroluminescence Element) 

Amine oligomer frF074 shown below) was coated to a thickness of 80 nm on the substrate prepared in the exam- 
55 pie 1 by a vacuum deposition melhod. on top of which TPD shown below was additionally coated to a thickness of 20 
nm. Herein, TPD74 and TPD function respectively as a hole injection layer and a hole transport layer. Tris(8-hydrQxy- 
quinoline) Al complex (Alq) which is a green luminous material was then vacuum deposited to a thickness of 60 nm ther- 
eon. An Al : U (Li concemration of 0.5 atm%) alloy cathode was then formed to a tiiickness of 200 nm. All these 
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depositions were continuously carried out without exposing a vacuum vessel to air. It is to be noted that previous to the 
formation o1 the Al : Li alloy cathode, niasking was made using a deposition mask provided with aperture lines orthog- 
onal to the ITO tine. The number of aperture lines of the mask was 240 with the line width of 200 |im. It is therefore pos- 
sible to fabricate a 240 x (320 x 3) XY matrix display. 

5 

TPD74 
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[Example 3] (Evaluation of Element Using Lower Electrode of First lnventk)n as Signal Une) 

30 

The display Wricated In the example 2 was sealed by a glass cover. The bottom substrate and the glass cover 
were joined together by means of an ultraviolel curing resin, and a fluorjnated hydrocarbon liquid was injected into the 
interior of the glass cover. Then connection to a drive circuit was made to perform a display (at a duty of 1/ 120) with 
the cathode as the scanning electrode and with the anode (ITO) as the signal electrode. As a result of this there was 
3s found no cross talk. Any line defect due to a cathode breakage was not found either. Furthermore, it was also possible 
to perform an image display without any delay in the display response speed attributable to the resistance. 

[Comparative Example 1] (Evaluation of Conventional Element) 

<o ITO lines having the same pitch and width as the example 1 (the surface resistance value of ITO is 20 £Vb) were 
formed on a 1 00 mm x 100 mm glass sut^strate. The resistance value of one of the ITO lines was measured in the same 
nrmnner as the example 1. The measured resistance was as extremely high as 25 k£l A display was fabricated in the 
same manner as the example 2. Sealing was made with the connection to the drive circuit in the same manner as the 
exanple 3. 

45 Since the ITO lines have a high resistance, a group of pixels corresponding to an intermediate ITO line were acti- 
vated. As a result of this, a significant Inuniformity in the luminance was observed. Accordingly, it was difficult to perform 
a satisfactory display of characters and Images due to the Inuniformity in the luminance. 

[Example 4] (Organic EL Element of First Invention) 

50 

Al : T\ alloy (Tl: 3 atrn%) film was formed by sputtering to a thickness of 0.3 jim on a 100 mm x 100 mm glass sub- 
strate. A photoresist was spin coated on this film for the exposure to light so that 960 line apertures with a width of 20 
^im and a pitch of 1 00 jun were patterned. The Al alloy film was then oxidized through the supply of current by anodizing 
method. About 0.01 wt. % of citric add aqueous solution was used as an electrolyte. Through this process, a multiplicity 
55 of wiring layer lines insulated from one another were formed vflth the planarlzation layer in the form of an Al oxide film. 
80 Jim wide ITO lines were then formed at a pitch of 100 |im in the same manner as the example 2. fi/leasurement of 
the resistance of one of the lines resulted in 400O for 1 cm in length. A display was then fabricated and sealed in the 
same manner as the exanrpies 2 and 3. This display was driven in the same manner as the example 3. with the result 
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that excellent images free from any line delects were displayed. 

[Comparative Example 2] (Example of Conventional Element] 

5 ITO lines which number is 960 and width is 80 iim were formed at a pitch of 100 pm on a 100 mm x 100 mm glass 
substrate. An Al film was then formed to a thickness of 0.5 m on the ITO lines by sputtering. TTiis was etched so that 1 0 
)im wide Al wiring layer lines were formed on the ITO lines. These Al wiring layer lines were not covered with an Inter* 
layer insulating film. 

10 (Comparative Example 3] (Example of Conventional Element) 

The section of the Al wiring layer was observed by means of a scanning electron microscope. Sharp steps were 
provided with a taper angle of 75". T>iis A) layer was then anodized to obtain a 0.2 [am thick oxide film. An electrolyte 
solution used was a 1 : 9 in volume ratio mixture of 0.1 mol/ 1 ammonium tartrate and ethylene glycol. A voltage used 
15 was 240 V. 

[Comparative Example 4] (Evaluation of Conventional Elemem) 

The substrates of the comparative examples 2 and 3 were used to separately fabricate displays in the same man- 
20 ner as the example 2. Use of the substrate of the comparative example 2 resulted in a frequent oocunrence of short cir- 
cuit between the cathode and anode with frequent aoss talk in display. Frequent occurrence of cathode breakage was 
also found with a multiplicity of display defects, resulting in a poor image display. This is because of a tsreakage in the 
cathode caused by the steps of the A) wiring layer. Use of the sut^strate of the comparative example 3 resulted in no 
short circuit between the anode and cathode by virtue of the effect of the intertayer insulating film. However, the inter- 
ns layer insulating film is not flattened, so that a breatage In the cathode occurred, resulting in display defects. 

[Example 5| (Organic EL Element of Seoond Invention] 

Etching was made in the same manner as the conriparative example 2 so that 960 Ai lines each having a width of 
30 10 |un were formed on 80 iim wkJe ITO lines. An etching solution was a 5 : 1 5 : 20 : 3 mixture of HF : HNO3 : CH3GOOH 
: H2O. Al steps were tapered. The taper angle was as extremely gentle as 20*. Tapering nmy be can-ied out by dry etch- 
ing method using CCt4 plasma gas. Then by use of 0.2 mbif I ammonium borate solution, anodizing was perfonmed with 
the Al lines serving as the anode, to form 0.2 }im thick anodized film, At that time, the voltage was 250 V. As a result of 
this, a planarization interlayer insulating film was formed on the Al wiring layer lines. The step taper angle was 21 * with 
35 smoothness and flatness to a large extent. A display was fabricated in the same manner as the example 2 and then 
driven similarly to the example 3 to perform an image display. No breakage in the cathode and no line display defect 
was observed. Upon a display of pixels, any delay in the display response speed due to electrode resistance was not 
found and the display itself was excellent. 

40 [Example 6] (Element of Second Invention (Double XY Matrix)) 

A multiplicity of ITO dot patterns were formed in a pattern form shown in Fig. 14 on a 100 mm x 1 00 mm glass plate. 
Then wiring lines of the wiring layer having the pattern of Rg. 14 were formed from Al film. The resultant 0.5 \ur\ thick, 
^0\Lm wide wiring lines were tapered in the same manner as the example 5 and then covered with an interlayer insu- 
45 lating film. The imertayer insulting film had already t>een planarization. Then a display was fabricated and sealed in the 
same manner as the example 2. Due to the double XY matrix shown in Fig. 14. the drive duty for 240 scanning elec- 
trodes was enabled to reduce from 1/ 240 to 1/120 with excellent display free from any cross talk. The reduction in the 
duty brought about a reduction by 22% in the drive voltage. riesuHing in 22% reduction in the power consumption. 

50 [Example 7] (Element of Seoond Invention (Quadruple XY Matrix)) 

An element making up the quadruple matrix shown in Fig. 15 was fabricated in the same manner as the example 
6. The duty was enabled to reduce from 1/240 to 1/60. so that the drive voltage was reduced by 35%, resulting in 35% 
reduction in the power consumption. 

55 
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[Example 8] (Fabrication by Anodizing Method of Substrate Carrying Thereon Lower Electrode Constiluting Organic EL 
Element of Third Invention) 

A 400 ^n1 thick Al-Ti alloy (Ti content » 3 atrn%) film was formed by sputtenng on a 100 mm x 1 00 mm glass sub- 
6 strate. 

Then a photoresist was spin coated on this film and thereafter exposed to light so that 240 lines having a width of 
20 |im and a pitch of 220 nm were formed. 

Then 0.01 wt% citric add solution was used as an electrolyte and the AI-T1 alloy was supplied with a current by ano- 
dizing method. As a result of tNs process, a multiplicity of Al-Ti alloy lines (200 ^m wide wiring layer) were fbmied in a 
10 manner insulated from one another between Al oxide films serving as pianarization layers. 

Then the photoresist was peeled away for removal and an ln-Zn-0 oxide electrode (lower electrode) was formed by 
sputtering on the A1-T1 alloy lines (wiring layer). The sputtering was canled out at a sputtering output of 2W/ cm? in an 
atmosphere of argon : oxygen » 1000 : 2.8 (volume ratio) with the degree of vacuum of 0.2 Pa 

Then a predetenrnned number of lines were patterned so as to cover the wiring layer, to obtain lower electrode 
15 lines. 

Afterward, any ten of the lower electrodes fonned in the deposit plate prepared were selected to measure the 
resistance value for unit length. The results are shown in Table 3. 

[Exantple 9] (Fabrication by Anodizing Method of Substrate Carrying Thereon Lower Electrode Constituting Organic EL 
20 Element of Fifth Invention) 

A 400 nm thick Al-Tl alloy (Ti content » 3 atni%) film was formed by sputtering on a 100 mm x 100 mm glass sub- 
strate, on which a 10 nm thick platinum thin film was formed by sputtering. 

Then the photoresist was spin coated and exposed to light to form a muttlplia'ty of 20 ^m wide, 220 ^im pitch lines. 
25 Then RIE (reactive ion etching) was made in the condition that a flow rate ratio of CF4 and oxygen is 575 : 625 seem 
at a pressure of 40 Pa and the substrate temperature of SO^'C. H was previously confirmed that the etching in this con- 
dition ensured tapering of 30''. This process enabled the Al-Ti alloy to have a trapezoida] section and serve as the wiring 
layer. The platinum on the other hand served as the lower electrode. 

Then the lateral side of this wiring layer was anodized into a lateral layer made of AI2O3. First, a pH 7.0 electrolyte 
30 solution was prepared by adding an ammonium aqueous solution to a 1 : 9 (volume ratio) mixed solution of ammonium 
tartrate and ethylene glycol. 

Then the substrate having the wiring layer and lower electrode deposited thereon was immersed in this electrolyte 
solution, and anodization was performed at an applied voltage of 240 V with the wiring layer acting as the anode and 
with the cathode in the form of a platinum mesh electrode provided in an electrolyte solution vessel. This allowed the 
35 lateral sides of the oxidized layer not covered with the tower electrode to be anodized, to form a 200 nm thick AI2Q3 
layer. 

Afterward, the resistance value was measured in the same wannet as the example 8. The results are shown in 
Tables. 

40 [Example 1 0] (Fabrication by Polymer Flattening Method of Substrate Carrying Thereon Lower Electrode Constituting 
Organic EL Element of Third Invention) 

A 2 )xm thick Al-Tl alloy (TI content » 3 atnt%) film was formed by sputtering on a 1 00 mm x 1 00 mm glass substrate, 
on whic^ a photoresist was spin coated and exposed to light to fomi 240 apertures 20 |im wide at a pitch of 220 nm in 

45 a juxtaposed manner. 

RIE (reactive ion etching) was then carried out vwth CF4 as a gas species piece to form the apertures. The photore- 
sist was then peeled away for removal and thereafter a commercially available potyimide coating solution having a pho- 
tosensitive function was coated to a thickness of 4 iun for.f lattenlng. Aftenward. through the exposure to light, curing was 
made to form the contact holes. 
50 An ln-Zn-0 oxide electrode power electrode) was then fbrmed by sputteriiig to a thickness of 100 nm on the AI-Ti 
alloy lines (wiring layer). The sputtering was canied out at a sputtering output of 2 W/cm^ in an atmosphere of argon : 
oxygen ^ 1000 : 2.8 (volume ratio) with the degree of vacuum of 0.2 Pa. At that time, the lower electrode was tonned in 
such a manner as to be in contact with the wiring layer at the contact holes. Aftenward. it was fashioned into 20 )un wide. 
220 iim pitch tines. 

55 The resistance value was then measured in the same manner as the example 8. The results are shown in Table 3. 
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[Conparative Exanple 5] (Example of Conventionot Element) 

A 200 nm thick ln-Zn-0 film was formed by eputtering on a 100 mm x 100 mm glass substrate. The sputtering was 
carried out at a sputtering output of 2W/ cm^ in an atmosphere of argon : oxygen a 1000 : 2.6 (volume ratio) with the 
degree of vacuum of 0.2 Pa. The surface resistance value of the thus formed ln-Zn-0 film was IS Q/d. This thin film 
was processed by photolithography so that 200 (im wide. 220 \un pitch tn-Zn-0 film lines were formed. 

Afterward, the resistance value was measured in the same manner as the exantple 8. The results are shown in 
Table 3. 

[Comparative Example q (Evaluation of Resistance of Lower Electrode Connected to Thin Wire Wiririg Layer) 

A laminate consisting of the substrate, wiring layer and lo^er electrode was prepared using the same method as 
the example 8. At that time, the width of the wiring layer was 20 yum and the width of the lower electrode was 1/1 0. 

Subsequently, the resistance value was measured In the same manner as shown in the example 8. The results are 
shown in Table 3. 



TaWe3 





Resistance for Unit 
Length (0) 


Resistance for 9 cm in 
Length (Q) 


Example 8 


6 


54 


Example 9 


5 


45 


Example 10 


1.5 


13.5 


Comparative Example 5 


600 


7200 


Comparative Example 6 


100 


900 



It was confirmed from Table 3 that the lower electrode of the deposit plate constituting the organic EL element of 
the present invention has an extremely low resistance value and hence is usable as the scanning lines in the large size 
screen, high definition organic EL display device. 

[Example 1 1] (Fabrication of Organic EL Elemerrt of Third Invention) 

The deposit plate prepared in the example 8 was cleansed with isopropyl alcohol and further deansed for 5 rninutes 
using tx>th ultraviolet arxf ozona 

TPD74 having a structure shown below was then ooated to a thickness of 80 nm as a hole irijection layer by use of 

vacuum deposition method. 

NPD having a structure shown below was then coated to a thictaiess of 20 nm as a second hole irijection layer by 
using the vacuum deposition method. 
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TPD74 




Tris(8'h/droxyquinoline) Al complex which is a green luminous material was then vacuum deposited to a thickness 
of 60 nm. Mg-Ag alloy was vacuum deposited to a thickness of 10 nm thereon to form an electron injection electrode 
layer. Upon the Mg-Ag alloy vacuum deposition. Mg and Ag were deposited at a deposition rate of 14 : 1 so that the 
alloy was formed on the deposition surface. 

Afterward, without opening a vacuum vessel in which the vacuum deposition was carried out the deposit plate was 
transferred to a sputtering vessel in which a 200 nm thick ln-Zn-0 film was formed by DC sputtering method to otrtain 
an amorphous transparent conductive film. The condition at that time was such that the atmosphere was argon : oxygen 
s 1000 : 2.8 (volume ratio) with the degree of vacuum of 0.2 Pa and that the sputtering oulput was 0.5W/cm^. 

Upon the formation of the electron injection electrode layer ar^ the amorphous transparent conductive film, the 
deposition mask made of a polyimide film (having 240 lines and 200 ^m width at 300 ]Lm pitch) was used. 

Then the organic EL element fabricated in accordance with the above processes was sealed by a glass cover. The 
sealing was carried out in nitrogen atmosphere^ with the substrate being jdned to the glass cover using an ultraviolet 
curing resin. 

Then, by using as the scanning line the wiring layer connected to the lower electrode and using as the signal line 
the counter electrode composed of the electron injection electrode layer and the amorphous transparent conductive 
film, a pixel display was carried out at a duty of 1/ 120. As a result of this, the organic EL element presented a luminous 
efficiency of 3.2 cd/A with no cross talk. An excellent pixel display free from any line defect arising from a breateige in 
the signal line was achieved. 

40 [Example 12] (Fabrication of Orgamc EL Element of Fifth Invention or Organic EL Display Device of Sixth Invention) 
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By using the deposit plate prepared in accordance with the processes of the example 9 and using the organic EL 
display device fabricated in accordance with the same processes as the example 11 . the fabrication of the display was 
carried out. As a result of this, an excellent pixel display free from any cross talk and from line defects caused by a 
45 breakage in the signal line was obtained. 

(Example 13] (Fabrication of Organic EL Element of Third Invention or Organic EL Display Device of Fourth Invention) 

By using the deposit plate prepared in accordance with the processes of the example 10 and uting the organic EL 
so display device fabricated in accordance with the same processes as the example 1 1 . the fabrication of the display was 
carried out. As a result of this, an excellent pixel display with no cross talk and with no line defect attributable to a break- 
age in the signal line was obtained. 



(Comparative Example 7] 

By using the deposit plate prepared in accordance with the processes of the comparative example 5 and using the 
organic EL display device fabricated in accordance with the same processes as the example 1 1 , the fabrication of the 
display was can-ied out The result was such that the scanning line presented a high resistance value with no uniform 
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luminescence, makino it difficutt to provide a display. 
(Comparative Example 8] 

5 By using the deposit plate prepared in accordance with the processes o1 the comparative example 6 and usi ng the 
organic EL display device tekxicated in accordance with the same processes as the example 11 . the fatvication of the 
display was carried out The result was such that 62V appeared upon the full activation at a luminance of 100 od/m?, 
proving a boost of voltage \pon the drive. At that time, a constant current drive was used to allow a boost of the applied 
voltage. K is to be noted that the display device of the comparative example 8 allows the luminescence to be emitted 

10 from the bottom and top of the substrata For this reason, the luminance is corrected in view of this respect. 

INDUSTRIAL APPUCABIUTY 

As described hereinabove, the organic electroluminescence element and the organic electroluminescence display 
15 device of the present invention are applicable advantageously to various displays principally for information industry 
equipment In particular, they are applicable particularly advantageously to high def tnrtion and large size displays due 
to their ability to prevent any delay in response upon the drive which may arise from a voltage drop or voltage resistance 
attributable to the wiring. 

20 Claims 

1. An organic electroluminescence element comprising a substrate and thereon superposed in the mentioned order 
a lower electrode, an organic layer including an organic luminescent layer, and a courrter electrode; 

said tower electrode having a specific resistance which is equal to or more than 0.5 x 10'^Q - cm, said lower 
ss electrode connecting to a wiring layer tor reducing the resistance value, said wiring layer being implanted in a 
planarization layer interposed between said substrate and said Ic^er electrode or in the substrate. 

2. The organic electroluminescence element according to claim 1 . wherein 

said wiring layer is implanted in said planarization layer interposed between said substrate and said lower 
30 electrode or in the sutistrate and is covered with said lower electrode. 

3. An organic electroluminescence elenrent comprising a substrate and thereon superposed in the mentioned order 
a lower electrode, an organic layer including an organic lumiriescent layer, and a counter electrode; 

said tower etectrode having a specific resistance which is equal to or more than 0.5 x 10'^Q • cm, said lower 
3S electrode connecting to a wiring layer for reducing the resistance value, said wiring layer being covered with a flat- 
tened interlayer insulating film interposed between said wiring layer and said organic layer including an organic 
luminescent layer. 

4. The organic electroluminescence element according to any one of preceding claims, wherein 
40 said lower electrode is a transparent electrode. 

5. The organic electroluminescence element according to any one of claims 1 to 3. wherein 

said planarization layer or said interlayer insulating film is an oxide film obtained by oxidizing the.surface of 
a metal film forming said wiring layer. 

45 

6. The organic alectroluminescenoe element according to claim 3, wherein 

said interlayer insulating film has a trapezoidal (tapered)section. 

7. The organic electrolunvnescence element according to any one of claims 1 to 3, wherein 
so said lower electrode and said counter electrode form an XY matrix. 

8. The organic electroluminescence element according to any one of claims 1 to 3, wherein 

said wiring byer reduces the resistance value of an electrode line to 5 or below. 

55 9. The organic electroluminescence element according to claim 7. wherein 

said XY matrix formed from said lower electrode and said counter electrode is a double, triple or quadruple 

matrix. 
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10. An organic electroluminescence element contprising e substrate and thereon superposed in the mentioned order 
a lower electrode, an organic layer including an organic luminescent layer, and a counter electrode: 

said lower electrode being connected to a wiring layer, said wiring layer having a width which is equal to 15 
to 150% of the width (the length o1 short side) of said lower electrode, said wiring layer being implanted in a planari- 
s zation layer interposed between said substrate and said lower etedroda 

11. The organic electroluminescence element according to claim 10. wherein 

said lower electrode and said counter electrode form an XY matrix. 

10 12. The organic electroluminescence element according to claims 10 or 1 1 . wherein 

said wiring layer has a resistance value for unit length (1 cm) which is equal to or less than 10011 

13. An organic electroluminescence display device comprising a plurality of scanning electrode lines and a plurality of 
signal electrode lines intersecting said plurality of scanning electrode lines, with their intersections being provided 

15 with luminous pixels in arrays; 

said luminous pixels being organic electroluminescence elements each comprising a substrate and thereon 
superposed in the mentioned order a lower electrode, an organic layer including an organic luminescent layer, and 
a counter electrode, said scanning electrode lines each comprising said lower electrode and a wiring layer con- 
nected thereto, said wiring layer being implanted in a planarization layer interposed between said substrate and 

20 said lower electrode, said signal electrode lines each including said counter electrode. 

14. The organic electroluminescence display device according to claim 13. wherein 

said wiring layer has a width (length of the short side) which Is equal to 15 to 150% of the width (length of 
the short side) of said lower electrode. 

25 

15. The organic electroluminescence display device according to claims 13 or 14. wherein 

said wiring layer has a resistance value fbr unit length (1 cm) which is equal to or less than lOOa 

16. An organic electroluminescence element comprising a substrate and thereon superposed in the mentioned order 
30 a lower electrode, an organic layer including an organic luminescent layer, and a counter layer; said element com- 
prising a wiring layer connected to the bottom of said lower electrode, with a layer formed from a lateral layer cov- 
ering the side of said wiring layer and from said wiring layer being trapezoidal (tapered) in section, said wiring layer 
being isolated by said lower electrode and said lateral layer from said organic layer. 

55 17. The organic el ectroluminescenoe element according to claim 1 6. wherein 
said lower electrode and said counter electrode form an XY matrix. 

18. The organic electroluminescence element according to claims 16 or 17, wherein 

said lateral layer is made of a material selected from a group consisting of the same material as that of said 
40 lower electrode layer, an insulating material, and a material allowing the anK)unt of the injection of electric charges 
into said organic layer which is equcil to or less than 1/ 50 of that of said lower electrode. 

19. An organic electroluminescence display device comprising a plurality of scanning electrode lines and a plurality of 
signal electrode lines intersecting said plurality of scanning electrode lines, with their intersections being provided 

45 with luminous pixels in arrays; 

said luminous pixels being organic electroluminescence elements each conprising a substrate and thereon 
superposed in the mentioned order a lower electrode, an organic layer including an organic luminescent layer, and 
a counter electrode, said scanning electrode fines each comprising said lower electrode and a wiring layer con- 
nected to the bottom of said lower electrode, with a layer formed from a lateral layer covering the side of said wiring 

so layer and from said wiring layer being trapezoidal (tapered) In section, said wiring layer being isolated from said 
organic layer by said lower electrode and said lateral layer covering the side of said wiring layer, said signal elec- 
trode lines each including said counter electrode. 

20. The organic electroluminescence display device according to claim 19, wherein 

55 said lateral layer is made of a material selected from a group consisting of the same material as that of said 

tower electrode layer, an insulating material, and a material allowing the amount of the injection of electric charges 
into said organic layer which is equal to or less than 1/ 50 of that of said lower electroda 
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Fig. 1 
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Fig. 3 
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Fig. 4 
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Fig. 9 
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Fig. 13 
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Fig. 15 




signal electrode 



40 



EP0 888035A1 



Fig. 16 
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Fig. 19 
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Fig. 25 
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Fig. 28 




50 



EP0 888035A1 



INTERNATIONAL SEARCH REPORT 



lottnaciooil tpplicstiaa No, 

PCT/JP97/00788 



A- CLASSmCATION OF SUBJECT MATI^ 

Int. Cl^ H05B33/28 

Acoordiag lo InteroationAl Patent gasiificirioo (IPC) or lo boih Mliopal daaificatioD and IPC 



B. FIELDS SEARCHEO 



Miuioun docufficnatioo lurchal (dmUicsiioo tysiciD follo«t4 bjr dusiflcacioo lyoiboU) 
Int. Cl^ H05B33/28 



DocumeantioD tanttd o}her tbio DiQipum doruproatioo lo Cbe c 

Jitsuyo Shinan Kono 
Kokai Jitsuyo Shxnan Kohp 
ToroKu JitBuyo Shxnan Koho 



1971 - 1997 
1994 - 1997 



QecooQte dAU taue coasulied dwiag iho tetEnitioatl waicfa (otms ofdatt but «ad, when pncdciMe, icatcb lenni tacd) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Gtstioo of documenw with indiGHioa, wbm •pproprUie« of the relevant p&isigct 



JP, 2-66 87 0, A (Matsushita Electric InduBtrial 
Co. , Ltd. ) , 

March 6, 1990 (06, 03. 90), 

Page 2, upper part, right column, line 19 to 
lower part, left column, line Ij page 3, lower 
part, right column, lines 7 to IB (Family: none) 

JP, 5-76155, B2 (NEC Corp,). 
October 22, 1993 (22. 10. 93), 
Column 1, lines 2 to 7 (Family: none) 



Rdevsnt to diim No. 



X 



10 - 15 

3-9, 
16 20 



JP, 2-16529, A (Seiko Epson Corp.), 
January 19, 1990 (19. 01. 90) (Family: 



none) 



JP, 2-67599, U (YoKogawa Electric Corp.), 
May 22, 1990 (22. 05. 90) (Family: none) 



20 
20 



Further documeius tre listed ID the ooDlintution of Box C. [ J See piteot family 



* SpocW CitBSOiifa of cited d t^Biprn tu 

"A" aoC M MieuidcflriBgtbaggaeiMimw of tew* which g col coMitfwtd 

io bs of ptrtkafarfdcwuoB 
-F* c«rti«ftfooBaeattatpsbliih^«aorattaaeistBfBidi)adltDiidiie 
"L* docameai which oay ihraw dwhci oa pMoriiy cUvfi) or vhJck b 

died lo otaUiih the T^Wtntmp daM of nstficr diitioo or oHkt 

tpcdal re»B<u BpcciCed) 
'X)" docomeiu releni&s to ao onl dbdcavrc, toe, exhlbitkni or otln 



UxcrdocsawidpvbUshtditotbDlQttTWtioadfiUaBdittorpciofi^ 
data aad Ml U coofiio Witt tto ti^Uattra bat dM ID uadosaad 
(he jtimiitU or itaeoty MaOayjimg ihc ia^rcoiioji 

"X" domoest of ponkBltj Rfavaa; the ddnBd lavuttoo oaaot he 
wtir*" * ' * 09«d or cuaot be c o Mtdiw d id lovotve u lavco&wo 



d owmcai pubtuhcd prior to (be Latemitknul Tiliag date tul lilM fixu 
the priority due ctaimcd 



ihwwmmi d pnlicatir i dgvaoa; ito ddnied iowocfoe oewot bo 
fiouidatd to lavolwa a iswaihw uep whca tte 
" ' '^osoorBoneternEfadocBag 
I to • peatott sUDod lo Ike ui 

dooBiXBt TnrTn**T of the saoie palm Cmily 



Date of the actual compleiioa of the iotenatioaal aeaxcb 

March 31, 1997 (31. 03, 97) 



Date of maiiiog cf ibe iotcniaiioaaJ eeardi report 

April 8, 1997 (08. 04. 97) 



Name and matUag addiesa of the ISA/ 

Japanese Patent Office 
Facsiorile No. 



Auihoriscd oCCoer 



TdephoDo No. 



Fono PCT/ISA/210 (leomd sheet) (July 1992} 



52 



